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1.0 INTRODUCTION 

1.1 Terms of Reference 

Golder Associates was retained by Chemical Waste 
Management, Inc. (CWM) to undertake an assessment of hy

drogeologic conditions at their liquid disposal facility 
near Vickery, Ohio. A preliminary review of site hydro-
geologic conditions was originally provided in Golder 
Associates' report entitled "Geotechnical and Geohydro
logic Data Review", dated June 1983. The purpose of this 
report is to present a more detailed discussion and inter
pretation of site hydrogeology, based on the results of 
further review of published data and previous studies at 
the site by others, and the most recent results of field 
investigations at the site. 

1.2 Site Description 

The CWM facility is located in Sandusky County, near 

Vickery, Ohio (Figure 1). The facility comprises about 
280 acres and is essentially bounded by the Ohio Turnpike 
to the north, State Routes 512 and 410 to the east and 
south, and County Road 403 to the west. The surrounding 
land use is primarily agricultural. The site topography 
is quite flat and, apart from man-made features such as 

drainage ditches and fills, exhibits less than 4 ft. of 
relief. 

The facility was used for the reclamation of waste 

oil products and is currently disposing acid waste prod-
ucts. A series of lagoons, contained by perimeter dikes, 
have been constructed for temporary storage of these prod

ucts (Figure 2). 

Golder Associates 
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The fluids from the lagoons are ultimately settled, 

filtered, and injected into the bedrock beneath the site 

at a depth of over 2,800 ft., through a series of five 
active injection wells (Figure 2). 

Golder Associates 
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2.0 PROCEDURE 

2.1 Review of Background Information 

The following background information was reviewed in 

order to gain a further appreciation of site geologic and 

hydrogeologic conditions: 

Various geologic and hydrogeologic summary maps 
prepared by the Ohio Department of Natural Re
sources (ODNR), and the U .S.G.S. (Ref. 2 and 3). 

Drilling logs and in situ testing for the deep 
injection wells at the site. 

A groundwater use planning studies of carbonate 
aquifers in northwest Ohio, prepared by the ODNR 
(Ref. 4 and 5). 

The results of groundwater quality and elevation 
monitoring at the site, conducted by CWM and 
previous site operators. 

A complete list of these references is presented at the 

end of the text of this report. 

2.2 Field Investigation Program 

A field investigation of hydrogeologic conditions at 

the Vickery facility is currently being conducted by Gol-

der Associates. The following aspects of the investiga-

tion are included in this report. 

The results of 14 sampled boreholes and piezom
eter installations primarily in the overburden 
materials in the vicinity of the existing la
goons. These boreholes (denoted as D-1 to D-9B) 
were drilled to assess the stability at the 
lagoon containment dikes and to obtain data 
regarding piezometric conditions. The locations 
of these borings are shown on Figures 2, 3 and 4 
and the borehole logs are presented in Appen
dix D. 
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The results of 10 piezometer installations in 
the berock and overburden materials at various 
locations at the site. These piezometers are 
denoted as P-1 to P-10, and were installed pri
marily to allow further assessment of ground
water elevations and gradients. Their locations 
are shown on Figures 2, 3 and 4 and their logs 
are included in Appendix D. 

Water level measurements from frequent ground
water elevation monitoring in all accessible 
piezometers and monitoring wells over a period 
of two months, in order to assess groundwater 
gradients and fluctuations. These measurements 
are listed on Tables A-1 to A-3 in Appendix A of 
this report and plotted on Figures 11 through 
16. 

Results of in situ and laboratory testing of the 
hydraulic conductivity of the overburden and 
bedrock materials, to allow estimation of ap
proximate groundwater flow velocities in the 
various strata. These results are summarized on 
Tables A-4 to A-6 in Appendix A, and on the 
Record of Borehole Sheets. 

The locations of the borings, piezometers, and moni-

taring wells are shown on Figure 2. The piezometers and 

monitoring wells completed in the overburden are shown on 

Figure 3 and those completed in the bedrock aquifer are 

shown on Figure 4. A discussion of the field procedures 

used during the field investigation is presented in Appen

dix B. 

Golder Associates 
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3.0 SUBSURFACE CONDITIONS 

A brief description of geology, primarily as it af
fects hydrogeologic conditions in the vicinity of the 
site, is presented below. A complete description of site 

geology with respect to glacial history, bedrock struc
ture, and engineering properties of the overburden and 
bedrock materials is presented in Golder Associates' re
port "Assessment of Perimeter Containment Dyke Stability", 

July 198 3, and Bowser-Morner' s report "Hydrogeologic As
sessment- Northern Ohio Treatment Facility", May 1983. 

3.1 Site Geology 

In summary, the site is underlain by about 40 ft. to 
50 ft. of glacial overburden materials, comprising lacus
trine clay and glacial till, overlying dolomite bedrock. 
The water bearing zone of the dolomite bedrock beneath the 
site is about 500 ft. to 550 ft. in thickness. This dolo

mite is under lain by a complex sequence of sedimentary 

rocks comprising shale, sandstone, limestone, and dolo
mite. Precambrian granitic bedrock (often referred to as 
"basement" rock) is encountered at a depth of about 
2,900 ft. below the ground surface. 

Cross sections of typical site geology in the over

burden and shallow bedrock zones are presented on Fig
ure 5. A section of the bedrock stratigraphy from the 
ground surface to the Precambrian basement rock is shown 
on Figure 6. 

3.1.1 Overburden Materials 

The overburden at the site consists of a deposit of 

glacio-lacustrine silty 

from 5 ft. to 25 ft. at 

clay which ranges in thickness 

the borehole locations; the typi-

Golder Associates 
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cal thickness of this unit is about 15 ft. The material 

is uniformly graded and comprises silty clay to clayey 

silt with a trace of sand. Distinct horizontal lamina-

tions of 1/4 in. to 1 in. thicknesses are noted in this 

unit and silty sand partings are often found between the 

laminations. 

The upper 5 ft. to 10 ft. of the lacustrine materials 

is likely to be fractured as the result of shrinkage due 

to previous desiccation; although open fractures were not 

directly observed in any of the samples obtained. 

Underlying the lacustrine materials, deposits of 

glacial till were encountered to bedrock. The till depos

its consist of an upper unit of 10 ft. to 45 ft. thickness 

which appears to be continuous across the site, and a 

lower unit which is generally less than 5 ft. in thick-

ness. The lower unit was encountered directly above the 

bedrock, and is not continuous across the site. 

The upper till is fairly well graded and comprises 

silty clay to clayey silt, with some sand and gravel. It 

is relatively homogeneous in composition and exhibits no 

lamination, bedding, or other distinct depositional struc

ture, and appears to be intact (i.e., unfractured} 

throughout. The lower till is somewhat coarser in grada

tion, and comprises a silt with some sand, clay, and gra

vel. 

3.1.2 Bedrock Conditions 

The bedrock beneath the site is situated on the 

southeastern arm of an anticlinal structure (the Findley 

Arch} which strikes to the northeast. The axis of the 

anticline is located about 20 miles west of the site. A 

Golder Associates 
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major north trending, near vertical faulting system (Bowl

ing Green Fault) is located about 35 miles to the west of 

the site. The site is underlain by approximately 550 ft. 

of predominantly carbonate rocks of Middle and Upper Si

larian age. As will be noted later in this report, these 

strata are the most significant with respect to regional 

water supply and are locally referred to as the "Big Lime" 

formation. Beneath these carbonate rocks is a sequence of 

shale, limestone, sandstone, and dolomite approximately 

2,350 ft. thick, which extends to the Precambrian granitic 

rock (Ref. 6) . 

The bedrock directly beneath the site is identified 

as Tymochtee dolomite of the Bass Island Group. Based on 

logs of water wells drilled in the general vicinity of the 

site, this unit is about 150 ft. in thickness. This stra

tum is typically described as thin bedded, grey-brown, 

very fine grained dolomite, with numerous argillaceous 

zones and evaporate (gypsum, arhydrite) beds. The Tymoch

tee dolomite was cored at the site to depths of about 

125 ft. below ground surface (Ref. 1). This core con

tained frequent highly weathered zones and some small 

(tpyically less than 1 in.) solution cavities and voids. 

Gypsum was often noted as a coating on the open fractures 

or cavities in the rock. 

The Tymochtee dolomite is underlain by a more uni

form, fine grained dolomite known as the Greenfield. The 

Greenfield dolomite was not penetrated by any of the cored 

test borings at the site. However, drilling records from 

nearby water wells suggest that the thickness of this 

formation is approximately 40 ft. in the vicinity of the 

site. This strata is reported to comprise uniform dolo-

mite with few shale or evaporate beds. 
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The lowermost member of the upper carbonate sequence 

beneath the site is the dolomite of the Lockport Group. 

The thickness of this unit is about 120 ft. to 190 ft. in 

the vicinity of the site. 

The remaining bedrock units encountered beneath the 

upper carbonate rocks at the site are shown graphically on 

Figure 6. Core samples of these deposits were generally 

not obtained, and the descriptions are based on recovery 

of drill cuttings and geophysical logging of the deep 

injection wells. 

3.2 Site Hydrogeology 

The following sections of the report present an over

view of site hydrogeologic conditions, with respect to the 

hydraulic properties, groundwater use, and typical ground-

water levels for the various strata. The results of on-

site monitoring of groundwater levels in the overburden 

and upper carbonate bedrock is presented in Section 6.3 of 

this report. 

3.2.1 Overburden 

The hydraulic conductivity of the lacustrine materi

als was determined as approximately 2xlo-8 cm/s on the 

basis of six laboratory tests conducted by Bowser-Morner, 

Inc. These tests measured the hydraulic conductivity in a 

vertical direction. 

zontal direction 

9xlo-8 cm/s. 

A Single 

yielded a 

test conducted in the hori

hydraulic conductivity of 

The results of in situ rising head tests conducted by 

Golder Associates in piezometers installed in the lacus-
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trine deposit indicate that the hydraulic conductvitiy may 

be on the order of lxlo-6 cm/s. The greater hydraulic 

conductivity measured in situ may arise from two factors: 

1) the in situ measurements are likely dominated by hy

draulic conductivity in the horizontal direction, which is 

expected to be greater than in the vertical direction due 

to the layered nature of the soil and the presence of 

sandy partings; and 2) 

the desiccated crust of 

the presence of open fractures in 

the soil. Although fractures were 

not directly observed in samples of the lacustrine materi

als from the site, experience with similar soils suggests 

that a fracture "porosity" (i.e. ratio of the volume of 

open fractures to total volume) may typically be on the 

order of 0.001. 

On the basis of these laboratory and field tests, it 

is estimated that the hydraulic conductivity of the lacus

trine soils is about lxlo-6 cm/s in the fractured (desic

cated) zone. Beneath this zone, it is estimated that the 

hydraulic conductivity in the vertical direction is about 

2xlo-8 cm/s, and in the horizontal direction, about 

lxlo-7 cm/s. 

The results of laboratory testing of the upper gla

cial till soil by Bowser-Morner, Inc. (Ref. 1) indicates 

that the hydraulic conductivity ranges from about 

3xl0-8 cm/s to 6xlo-9 cm/s. The in situ rising head tests 

are in close agreement, indicating that the hydraulic 

conductivity is about 2xlo-8 cm/s. The close agreement 

between the laboratory and in situ tests is suggests uni

formity in composition and lack of depositional structure 

in the soil. 
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For the purposes of calculations, the hydraulic con

ductivity of the upper till unit has been estimated to be 

is 2xl0-8 cm/s. The effective porosity of the till has 

been estimated to be 0. 1. Testing of the hydraulic con-

ductivity of the lower till unit was not undertaken. 

Groundwater levels measured in the overburden materi

als were typically within 5 ft. of the ground surface. 

This water level represents an unconfined water table in 

the soil, and all of the soil beneath this water table is 

in a saturated condition. Although most of the overburden 

is saturated, it is not considered to be a local aquifer 

since its very low hydraulic conductivity would result in 

insufficient well yields for water supply purposes. 

3.2.2 Upper Carbonate Bedrock 

The carbonate bedrock sequence beneath the site com

prising the "Big Lime" formation is considered to be the 

uppermost local aquifer. This aquifer consists of the 

Tymochtee, Greenfield, and Lockport members as previously 

discussed. 

A detailed regional study of the hydrogeology of 

these carbonate aquifers in Northwestern Ohio was con

ducted by the Ohio Department of Natural Resources 

(Ref. 5). This study included characterization of water 

levels, water quality, and the hydraulic properties of the 

aquifer. The study indicates that most of the groundwater 

occurrence and flow in the aquifer takes place in the 

fractures, joints, solution cavities, and other rock mass 

discontinuities, rather than in the intergranular pore 

spaces of the rock. 
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aquifer is 

Although 

these overlying deposits have a low hydraulic conductivity 

and form an effective confining layer, much of the re

charge to the aquifer is the result of downward flow 

through the overburden. It should be emphasized that the 

rate of flow through the overburden is very slow. How-

ever, due to the large areal extent, downward flow through 

the overburden provides the majority of recharge to the 

aquifer. Because of the infiltration of water through the 

overburden, groundwater withdrawal caused by local pumping 

is often balanced by groundwater infiltration such that a 

relatively steady state cone of depression is produced and 

permanent depletion of storage in the aquifer does not 

occur. 

The water level in the Tymochtee dolomite beneath the 

site is typically 15 ft. to 20 ft. below ground surface; 

about 10 ft. to 15 ft. lower than the water table in the 

overburden materials. Annual regional water level fluctu

ations in the carbonate aquifer are reported to be on the 

order of 3ft. to 5 ft. (Ref. 5), but measurements in site 

monitoring wells have shown fluctuations on the order of 
5 ft. to 10 ft. 

The data from the test wells completed in the Tymoch

tee dolomite as reported by the ODNR (Ref. 5) indicates 

that the most significant water bearing zones occur in the 

upper 30 ft. to 70 ft. of the formation. This report also 

indicates the underlying Greenfield formation generally 

does not yield significant volumes of water, except near 

the base of the formation, but the Lockport dolomite gen

erally yields water through the entire thickness of the 

formation. As previously noted, groundwater flow through 

Golder Associates 
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the upper carbonate bedrock is primarily due to fractures, 

joints, solution cavities, and other discontinuities. 

Since the occurrence of these structures is often highly 

variable, the hydraulic properties of the bedrock may also 

be expected to be highly variable. For this reason, the 

hydraulic properties are most representative if they are 

obtained through test methods which affect a large volume 

of the bedrock. 

The hydraulic properties of the bedrock have been 

estimated by several methods as follows: 

1. Large scale pump 
wells completed 
locations about 3 

tests conducted by ODNR in 3 
in the carbonate aquifer at 
to 10 miles from the site; 

2. A small scale pump test at the site conducted by 
Bowser-Morner, Inc.; 

3. Pressure-packer tests accomplished by Golder 
Associates in 3 boreholes at the site; 

4. The results of 
tests performed 
monitoring wells 
and 

drawdown (specific 
by Dames & Moore in 
during water quality 

capacity) 
the site 

sampling; 

5. Calculation of hydraulic properties from em
pirical relationships. 

The results of the hydraulic properties estimated by 

each of these methods is presented below and is summarized 

on Table A-7. It should be noted that much of the data 

obtained is for the upper Tymochtee dolomite. 

The approximate location of the wells used for the 

ODNR pumping tests is shown on Figure 7 (a complete de

scription of the test procedures and results is given in 

Ref. 5). The wells were pumped at rates of about 500 gpm 
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for a period of at least 24 hours. The values of trans-

missivity obtained from the tests ranged from about 

20,000 gpd/ft. for a well completed in the Lockport dolo

mite to 100,000 gpd/ft. for two wells completed in the 

Tymochtee and Greenfield dolomites. The values of spe

cific capacity (defined as well yield in gallons per min

ute per foot of well drawdown per foot of well penetra-

from the testing ranged tion) obtained 

0.027 gpm/ft./ft. (Lockport) to 1.84 gpm/ft./ft. 

tee and Greenfield). 

from 

(Tymoch-

A small scale pump test was undertaken at the site by 

Bowser-Morner, Inc. , in the pumphouse well, 4110, (Fig

ure 2} which is completed in the Tymochtee dolomite. The 

test was conducted for about 5 hours at a pumping rate of 

11 gpm. The drawdown data obtained from the test is some

what erratic, and it is suspected that the results may not 

be representative due to the low pumping rate and short 

duration of the test. The value of transmissivity ob

tained from analysis of the test results was approximately 

3,000 gpd/ft. 

Pressure packer tests were conducted in the Tymochtee 

dolomite by Golder Associates in boreholes P-6, P-9, and 

P-10, in order to assess the relative changes in hydraulic 

conductivity in the strata with depth. The tests were 

conducted at 5 ft. intervals to depths of 30 ft. to 40 ft. 

below the top of the rock. The results of the tests are 

presented in the Record of Borehole sheets and in Ta

ble A-6. The average value of hydraulic conductivity ob

tained in the tests is about 2xlo-3 cm/s. The uniformity 

of the results suggests that there is 1 i ttle change in 

hydraulic conductivity with depth in the upper 30 ft. of 

the Tymochtee dolomite. 
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Drawdown measurements were made in the site monitor

ing wells when they were pumped (flushed) by Dames & Moore 

prior to groundwater sampling. With the exception of 

Well if2 and Well iflN, all of the wells are completed in 
the upper 20 ft. of the Tymochtee dolomite. Well #2 is 

about 150 ft. deep in the Tymochtee dolomite. It is the 

main water supply well at the site, but because of its 

construction water levels could not be monitored during 

pumping. Monitoring Well if5 is also not accessable for 

water level monitoring. Well iflN is about 200 ft. deep 
and is open through the Tymochtee and Greenfield dolo

mites. The pumping rates used during the flushing were 
about 10 gpm to 13 gpm. The values of specific capacity 

obtained for the wells completed in Tymochtee dolomite was 
about 0.03 gpm/ft./ft. to 1.2 gpm/ft./ft.; while the value 

obtained from Well #lN for the Tymochtee and Greenfield 
dolomite was about 0.17 gpm/ft./ft. The results of these 

tests are summarized on Table A-8. The wide range of the 
results indicates that the hydraulic properties of the 

bedrock may be highly variable. 

The hydraulic conductivity of the bedrock may also be 

estimated by dividing the transmissivity of the formation 

by it's effective thickness (i.e., that portion of the 

formation which transmits significant quanti ties of wa

ter). If the effective thickness of the Tymochtee dolo

mite is taken as 30ft. to 70ft., and the range of trans

missivity values as 3,000 gpd/ft. to 100,000 gpd/ft., then 

the resulting range of hydraulic conductivities is about 
10-1 cm/s to lo-3 cm/s. 

Based on Golder Associates' review of the foregoing 

data and experience with similar geologic materials, the 
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following hydraulic parameters are considered to be repre

sentative of the Tymochtee dolomite beneath the site: 

Transmissivity 
Hydraulic Conductivity 
Storativity 

20,000 gpd/ft. 
lxlo:~ cm/s (210 gpd/ft.2) 
2xl0 

3.2.3 Underlying Sedimentary Rock Sequence 

There is little information available concerning the 
hydraulic properties or piezometric levels in the sedimen
tary rocks underlying the Big Lime formation. Generally, 

it is thought that there is a tendency for lower water 
levels with depth in these formations. Drill stem tests 

performed during the installation of the injection wells 
indicate that the static groundwater level in the Mt. 
Simon sandstone is approximately 325 ft. beneath ground 
surface (EL 280ft. MSL). 

The drill stem tests also suggest that the hydraulic 

conductivity of the Mt. Simon sandstone is on the order of 

3xlo-5 cm/s. There is no data available concerning the 
hydraulic conductivity of the overlying, less permeable 
strata such as the Ordovician Shale sequence (Figure 6). 
However, based on previous experience with similar geo
logic materials, it is estimated to be very low, probably 
on the order of 10-8 cm/s to 10-10 cm/s. 

3.3 Ambient Groundwater Quality 

3.3.1 Upper Carbonate Aquifers 

The ambient groundwater quality in the upper carbon

ate aquifers has been studied by th ODNR, and is reported 
in Ref. 5. This study indicates that the groundwater 
quality may be highly variable and is largely dependent on 
the occurrence of evaporate minerals in the bedrock (such 
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as gypsum and anhydrite). The groundwater in the vicinity 

of the site has generally been exposed to evaporate miner
als, and consequently is high in total dissolved solids, 

sulphates, and hardness (as ca++). The typical range of 

selected mineral constituents in the groundwater from 
nearby ODNR wells (Figure 7) is summarized below. Com

plete data for the wells is presented in References l and 
5. 

Constituent 

Iron (Fe) 
Calcium (Ca) 
Magnesium (Mg) 
Sodium (Na) 
Sulfate (S0 4 ) 
Chloride (CI) 
Total Solids (TS) 
Total Hardness 
pH 

Range mg/1 

.02 - 19 
109 - 577 

71 - 177 
7 - 35 

128 - 1831 
5 - 46 

340 - 8124 
280 - 3598 
7.0- 7.4 (not mg/1) 

Note: Data obtained from samples taken from 
Tymochtee, Greenfield, and Lockport dolo
mites. 

Due to the high total solids and hardness values, the 
groundwater from the dolomite aquifer is generally not 

used locally (i.e., in the vicinity of the site) for do
mestic purposes. Potable water is generally trucked in 

and groundwater use is commonly limited to livestock and 
agricultural uses. 

3.3.2 Underlying Sedimentary Rock Sequence 

The base of the Big Lime formation (i.e., base of the 
Lockport dolomite in the vicinity of the site) is con

sidered to be the lowest formation yielding groundwater 
suitable for domestic or agricultural purposes. The un

derlying Rochester Shales are known to contain saline 
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waters with elevated total dissolved solids {TDS) and 

chloride contents, although exact water quality figures 

are not available. 

Generally, there is a tendency for increased TDS and 

chloride content with depth through the sedimentary se

quence, due to leaching of evaporate salts, and in ex

change processes in the shale formations. This process 

results in an evaluation of groundwater chemistry with 

depth as illustrated below: 

Predaninant Cations 
Predaninant Anions 
Typical TDS Content 

Shallow Carbonate 
Aquifer (Big Lime) 

Ca, Mg 
HCO - SO -2 
1,ilo6 mgJI 

With 
Increasing 

Depth 

Ca, Na 
SO - 2 , Cl . 4 . 1ncreas1ng 

Deep Sedimentary 
Formations 

(Mt. Simon) 

Na, Ca 
Cl-

100,000 mg/1 

The groundwater in the deep dolomite and sandstone 

formations, such as the Mt. Simon and Rome formations, is 

typically a brine with TDS values of over 100,000 mg/1 

(Ref. 7). The predominant ions in this water are sodium 

and chloride. 
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4.0 GROUNDWATER PUMPING 

There are seven water supply wells on and in the 

immediate vicinity of the site which draw water from the 

carbonate aquifer. There is currently little available 

quantitative data regarding the pumping rate or pumping 

duration for these wells. However, reasonable estimates 

of expected water usage from each well can be made, based 

on the wells' intended purpose and discussions with site 

operations staff. The identification, purpose, and esti

mated pumping rates for each of the wells is listed below. 

The locations of the wells is provided on Figure 2. 

Estimated Monthly 
Well No. Purpose Rate (gal.) 

10 {Pump- Occasional Washing 50 
house Well) 

lN Backwash Sand Filters 4,000 - 5,000 

2 Truck Washing 500,000* 

OEPA 4, Domestic Supply 6,000 - 10,000 
5, 6, 8 

This data indicates that Well !12 is the only major 

source of groundwater withdrawal at the site. A recording 

device has recently been fitted to the well to permit 

further evaluation of actual pumping rates. This data 

will be reported as it becomes available. 

*Volume based 
multiplied by 
truck. 

on the number of trucks washed per month 
an estimated 1,000 gallons of water per 
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5.0 DEEP INJECTION WELLS 

There are currently five active deep injection wells 

at the site, as shown on Figure 2. There is also one 

inactive injection well and one abandoned injection well 

which has been cement-grouted to the surface. All of the 

injection wells extend into the Mt. Simon sandstone forma

tion, located immediately above the Precambrian basement 

rock (Figure 6). The injection well logs are included in 

Appendix C. A typical cross-section of the construction 

of the wells is illustrated on Figure 8. The wells were 

installed between 1972 and 1981, as noted in the summary 

table below: 

Date Taken 
Date Date Out of Date Current 

Well No. Installed Operational Operation Closed Status 

Injection Well 1 3/72 1976 1979 1980 Closed 
Injection Well lA 9/79 1980 Active 
Injection Well 2 6/76 1977 1982 Inactive 
Injection Well 3 7/76 1977 Active 
Injection Well 4 7/76 1977 Active 
Injection Well 5 1981 1982 Active 
Injection Well 6 ll/81 1982 Active 

In general, the injection well construction comprises 

a series of three concentric casings, with the largest 

(outermost) casing terminated at the base of the Big Lime 

formation. The remaining casings extend to the Mt. Simon 

formation with a cement seal provided between the inter

mediate (or 'long-string') casing and the bedrock. The 

tip of the intermediate casing is grout sealed into the 

Shady dolomite bedrock immediately above the Mt. Simon 

using an epoxy type grout seal. A diesel fuel column is 

maintained between the intermediate and innermost (in

jector tube) casing, to allow detection of pressure dif

ferences in the event of leakage of one of the casings. 
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The typical operating injection pressure, as measured 
at the ground surface, is reported by CWM staff as about 
500-600 psi (equivalent to 1,150 to 1,380 ft. of water). 
The maximum allowable operating pressure as set out by the 
operating license requirements for the wells is about 
825 psi at the ground surface (equivalent to 1,900 ft. of 
water). The average injection rate for the wells is about 
40 to 45 gpm . 
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6.0 GROUNDWATER LEVEL MONITORING 

6.1 Regional Groundwater Levels 

The regional groundwater level contours in the upper 

carbonate aquifer are plotted on Figure 9. These ground

water level contours were derived from a series of test 

wells which were monitored as part of a regional study of 

the aquifer (Ref. 5). These contours indicate that the 

regional groundwater flow in the area is generally toward 

Lake Erie in a north or northwesterly direction with a 

gradient of about l.6xlo-3 ft./ft. The flow system in the 

carbonate aquifer appears to discharge beneath Lake Erie. 

It should be noted that these groundwater contours repre

sent an average value of hydraulic head obtained from 

wells which are completed at different depths and in dif-

ferent formations within the Big Lime strata. For this 

reason, some local variation in flow direction and gradi

ent may be expected. Further, the data was intended pri

marily to indicate horizontal flow patterns; and varia

tions in head with depth throughout the Big Lime were not 

considered. Since the site is located near the discharge 

area of the flow system, there may be an upward component 

to the gradient in the vicinity of the site. However, 

there is currently no data to confirm such an upward gra

dient which would be indicated by increasing head levels 

with depth in the formation. 

6.2 Background Data from Site Monitoring Wells 

A number of monitoring wells have been installed in 

the overburden and upper carbonate bedrock, as shown on 

Figure 2. The details of the monitoring well installa

tions are presented in Appendix C; the overburden wells 

are generally completed in the upper portion of the gla

cial till deposits, while the bedrock wells are generally 
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completed in the upper portion of the Tymochtee formation. 

Water levels in seven of these wells have been measured 

periodically by site operations staff 

measurements were generally reported 

since 

to 

1976. The 

the nearest 

1/2 ft. or 0.1 meter; however, the actual accuracy of the 

measurements is not known. This data is plotted on Fig-

ure 10. These plots indicate that 

may fluctuate considerably over a 

The magnitude of the fluctuations, 

in the data, is on the order of 5 

the groundwater levels 

short period of time. 

ignoring the extremes 

ft. to 10 ft. These 

fluctuations also tend to occur in unison, such that all 

water levels change by about the same amount at the same 

time. 

The background water level plots (Figure 10) show 

four obvious spikes in the data; June 1976, late August 

1977, early September 1979, and mid-July 1981. The data 

sheets provided by CWM included a notation that Well l!2 

was pumped from August 26 to 29, 1977 (reason, rate and 

quantity unknown). No similar notations were made for the 

other three dates, but the severe drawdown spikes in the 

monitoring wells are similar. It is instructive to note 

that the three severe drawdown spikes in the historical 

water level data approximately coincide with the installa

tion of deep injection wells. From the injection well 

logs the following dates are noted: 

Injection Well No. 

2 
3 
4 
lA 
5 
6 
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Installation Date 

6/17/76 to ll/23/76 
7/J/76 yo ll/22/76 
7/15/76 to 11/24/76 
9/10/79 to 9/27/79 
After 6/ll/80 
Completed ll/17/81 
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It is probable that Well #2 was pumped for the pur

pose of providing drilling and/or development water during 
installation of the injection wells. This cannot be pre-

cisely correlated but the time frames bracket the severe 
drawdown spikes. 

6.3 Current Monitoring of Groundwater Levels 

Based on the historic groundwater level data, it is 

evident that significant fluctuations of water level can 
occur over short periods of time. Accordingly, to allow 

determination of local groundwater gradients and flow 
directions, the water levels in all of the accessible 

wells and piezometers on the site were monitored on the 
same day on a frequent basis between April and July, 1983. 

The results of this monitoring are presented on Figures ll 
to 16, and the data is tabulated in Tables A-1, A-2, and 
A-3. 

6.4 Interpretation of Results 

A series of groundwater level contours in the Tymoch

tee dolomite on selected dates are shown on Figures 17 to 
23. Although there is no data available for the extreme 

northeast corner of the site, the contours strongly sug

gest a radial flow pattern in the bedrock. This pattern 

could result if significant groundwater withdrawal were 

occurring near the center of the site, such as from Well 

#2. Since Well #2 is used primarily for washing of 
trucks, an approximation of daily water usage was obtained 

by examining site records of the number of trucks washed 
over a two week period. A plot of daily water usage dur

ing this period was made, assuming that about 1,000 gal

lons was used to wash each truck. The plot is presented 

on Figure 24, along with water levels in selected wells. 
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It is noted that lower water levels are associated with 

those days of high estimated water usage. 

The groundwater levels in the shallow overburden zone 

(lacustrine materials) were found to vary by about 3 ft. 
to 5 ft. over the site. It appears that these water lev

els are affected by surface topograhic features such as 
drainage ditches. Slightly lower water levels were noted 

in the vicinity of deep drainage ditches, such as near P-7 
and Well ji'3A, and slightly higher levels were noted in 

some of the piezometers installed in the dikes, such as 
D-6a. However, there is no evidence to suggest signifi

cant mounding of groundwater in the dikes or beneath the 
ponds. 

As indicated by the plots shown on Figure 12, the 

groundwater levels in the deep glacial till deposits had 

generally not stabilized as of the date of this report. 

However, the groundwater levels in the till are generally 

lower than those in the overlying lacustrine deposits. 

This substantiates downward vertical flow through the 
overburden to the dolomite aquifer as discussed in Sec
tion 3.2.2. 

An estimate of the expected drawdown caused by Well 

#2 was made using the parameters for bedrock hydraulic 

properties presented in Section 3. 2. 2, and an estimated 
pumping rate obtained from CWM operations staff. The 

purpose of the estimate is primarily to determine whether 
the observed radial flow pattern, or "cone of depression", 

could be the result of pumping from Well Ji'2. The estimate 
was made using a conventional Theis type analysis. The 

results are summarized as follows: 
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Assumed Pumping Rate 

Assumed Aquifer Properties 
{Tymochtee dolomite) 

834-1358 

500,000 gallons/month 
for a period of one year 
(average rate of 12 gpm) 

T : 20,000 gpd/ft. 2 
s : 2xlo-4 

Calculated drawdown at radius of 1,000 ft. is about 
0.8 ft. 

Calculated drawdown at radius of 2,000 ft. is about 
0.7 ft. 

Since groundwater occurrence and flow in the rock is pri

marily through fractures, joints, and other rock mass 

discontinuities it is expected that the drawdowns will not 

form a cone of depression which is symmetrical about Well 

#2. Further, the analysis does not consider the effects 

of recharge to the aquifer or the effects of cyclic pump

ing of the well. Since a pumping rate of 500,000 gal

lons/month is equivalent to an average rate of only 

12 gpm, the results of the analysis tend to under estimate 

the actual drawdown which may occur during the operating 

cycle of the pump when the pumping rate may reach 250 gpm. 

For example, if the pump were operated at 250 gpm for one

half hour, the calculated drawdowns would be approximately 

2.5 ft. at a radius of 1,000 ft. and 1 ft. at a radius of 

2,000 ft. Despite the use of these simplifying assump

tions, the analysis indicated that Well #2 is probably 

responsible for creating the core of depression observed 

at the site. 

The typical yearly fluctuation of groundwater levels 

in the bedrock aquifer at the site is on the order of 

5 ft. to 10 ft. These fluctuations can be attributed to 

several causes as listed below: 

1. Changes in barometric pressure may result in 
fluctuations of approximately ±0.5 ft. 
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2. Recharge due to rainfall may result in fluctua-
tions on the order of +3 ft., as 
the records of observat""lon wells 
such as u.s.G.S. Well IS-3 (Figure 

evidenced by 
in the area, 
5) • 

3. Changes in pumping rate and duration of on-site 
wells. 

As indicated on the water level contour plots (Figures 17 

to 23) the changes in water level due to recharge and 

barometric effects are superimposed on the changes due to 

the pumping rate. Thus, the entire cone of depression may 

rise and fall even if pumping rates are relatively con

stant. This phenomenon was also noted by ODNR in their 

study of the carbonate aquifer (Ref. 5). 
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7.0 GROUNDWATER GRADIENTS AND FLOW RATES 

7.1 Overburden Materials 

The gradient in the overburden materials was observed 

to be primarily downward. 

the lacustrine materials 

A small component of flow in 

is directed laterally, toward 

drainage ditches at the site. The groundwater levels in 

the glacial till have not stabilized sufficiently to allow 
assessment of horizontal flow components. 

The rate of downward flow through the overburden into 

the bedrock will be governed by the low hydraulic con

ductivity of the glacial till. Using Darcy's relation

ship, the flow rate through the till is calculated as: 

where: 

v (velocity) = ki/n = 0.07 ft./yr. 

k (hydraulic conductivity) 

i (gradient) = 0. 33 ft./ft. 
n (porosity) = 0.1 

= 2xlo- 8 cm/s 
(2 x lo-2 ft./yr.) 

This indicates that the downward flow through the overbur
den is very slow. 

The horizontal flow rate through the fractured, upper 

lacustrine deposit is calculated in a similar fashion: 

v = ki/n = 2 ft./yr. 

where: k = lxlO-~ cm/s (1 ft./yr.) 
i = 2xl0- ft./ft. 
n = 0.001 

In this case, the horizontal gradient (i = 2xlo-3 ft./ft.) 

accounts for flow from the central portion of the site to 

the drainage ditches. The horizontal gradient can vary 
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widely depending on local topography and surface drainage 

features which have been excavated below the overburden 

groundwater levels. 

7.2 Upper Carbonate Bedrock 

Under static conditions (i.e., neglecting the in

fluence of pumping), the regional groundwater gradient is 

about 1.6xlo-3 in a northeasterly direction. Thus, the 

horizontal flow rate in the bedrock may be approximated 

with Darcy's relationship. 

where: 

v = ki/n = 1,600 ft./yr. 

k = lxlo-2 ~m/s (104 ft./yr.) 
i = 1.6xl0- ft./ft. 
n = 0.01 (fracture porosity) 

This calculation indicates that the average horizontal 

component of groundwater flow through the upper dolomite 

bedrock is about 1, 700 ft./yr. It should be emphasized 

that this velocity is a very approximate estimate of flow 

velocities in the rock, since there will be considerable 

areal variations in hydraulic conductivity (k) and frac

ture porosity (n). 

There is currently no available data regarding fluc

tuations of hydraulic head with depth in the Big Lime 

formation, hence estimates of the vertical component of 

groundwater flow were not made. 

7.3 Underlying Sedimentary Bedrock Sequence 

As previously noted, it is expected that there is a 

drop in potentiometric levels from the upper carbonate 

aquifer into the underlying sedimentary rocks. This would 

result in a component of downward flow from the carbonate 

rocks into the underlying rocks under static conditions. 
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8.0 SUMMARY AND CONCLUSIONS 

Based on the foregoing data, the following summary of 

hydrogeologic conditions at the site is made: 

1. The site is underlain by some 40 ft. to 50 ft. 
of lacustrine clay and glacial till overburden. 
A series of carbonate deposits known as the Big 
Lime formation extend from the overburden to 
depths of about 600 ft. Underlying the Big Lime 
is a sequence of sedimentary rocks which extends 
to the Precambrian basement rock at a depth of 
about 2,900 ft. 

2. The water table in the overburden is close to 
the ground surface. Although all of the over
burden below the water table is saturated, it is 
not considered an aquifer because of its very 
low hydraulic conductivity. 

3. The uppermost aquifer at the site is the Big 
Lime formation. The Big Lime is a confined 
aquifer and the potentiometric surface is about 
10 ft. to 15 ft. below ground surface. 

4. The ambient water quality in the Big Lime forma
tion is poor due to naturally high TDS and sul
fate contents. The base of the Big Lime is 
considered to be the base of potable water in 
Ohio. The groundwater in the sedimentary rocks 
beneath the Big Lime is generally a brine water. 

5. Groundwater level monitoring at the site indi
cates that on-site pumping has created a cone of 
depression in the upper portion of the shallow 
dolomite aquifer. This cone of depression may 
impede off-site migration of water in the upper 
portions of the dolomite. 

6. The direction of groundwater flow in the over
burden is generally downward. The rate of flow 
to the under lying dolomite is less than 
0.07 ft./yr. and is controlled by the low hy
draulic conductivity of the soil. 

7. The natural groundwater gradient in the dolomite 
aquifer (disregarding the effects of on-site 
pumping) is thought to be directed to be north
west. There is currently no data available 
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regarding the vertical gradients within the 
dolomite, but it is possible that there is a 
slight upward flow component. 

W. Bowen, P. Eng. 
geologist 

r;p(~ 
y H. Collison, P.E. 

incipal 

PWB:GHC:dpc 
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NOTES 
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TABI,g A-1 
MJNITORThG 'NELL AND 'EM' SE:JUES PIEZCMEI'ER WATER LEVEIS 

Open 
Well/Piezometer Date Interval 

Ground 
Completion Surface Measurement Date (1983) and Water Level Elev~tion Number Installed Elevation Strata glevation 4/22 4/25 4/26 4/27 4/28 4/29 4/30 5/l - 5/2 5/3 5/4 

lA 

lN 

3A 

3N 

4N 

6A 

6N 

7 

8 

ll 

l2 

13 

EM-1 

BM-5 

EM-10 

&"'-ll 

EM-29 

1979 

7/2/79 

1976 

7/3/79 

7/2/79 

1976 

7/2/79 

7/3/79 

Unknown Lacustrine 

407.0-547.0 Dolomite 

Unknown Lacustrine 

555.0-557.0 Dolomite 

558.0-560.0 Dolomite 

Lacustrine 

558.5-562.5 Dolomite 

553.0-562.0 Dolomite 

6/12/79 562.0-565.0 Dolomite 

5/6/81 

5/6/81 

5/6/81 

548.0-561.0 Dolomite 

541.0-559.0 Dolomite 

544.0-556.0 Dolomite 

10/14/82 537.3-557.3 Dclomi te 

10/14/82 536.0-576.0 Dolomite 

ll/16/82 544.2-554.2 Dolomite 

10/6/82 549.9-555.9 Dolomite 

10/19/82 546.3-566.3 Dolomite 

NOI'ES: l. Elevations in feet, MSL. 

608.4 

607.4 

604.7 

605.3 

608.0 

608.7 

608.5 

608.1 

6ll.8 

608.4 

606.1 

603.7 

601.3 

616.5 

604.2 

600.9 

610.3 

607.783 607.56 607.48 604.44 607.99 608.03 608.27 608.:;o 608.36 608.35 608.24 

589.973 591.76 591.77 591.42 591.55 591.22 591.07 592."!8 592.72 592.44 592.57 

604.323 604.31 604.20 604.46 604.40 604.57 604.19 604.87 604.82 604.77 

590.593 591.85 592.15 591.84 591.39 591.50 592.1',1 592.82 592.44 592.65 

590.533 592.04 592.02 591.02 591.84 591.74 591.82 592.:~2 592.75 592.49 592.69 

607.383 606.86 606.85 606.67 606.84 607 .18 608.19 608. 22 608.22 608. 22 

590.703 591.89 592.33 591.88 592.01 592.01 592.'2 592.80 592.55 592.83 
_3 

_3 

_3 

592.32 592.14 592.14 592.16 592.19 592.:.4 593.10 592.77 593.01 

592.77 592.60 592.82 

592.01 592.14 591.78 591.68 591.85 592.1:0 592.81 592.46 592.58 

590.603 592.06 592.19 591.71 591.63 591.82 593.49 592.:.8 592.77 592.58 592.57 

586.223 591.99 592.06 591.51 591.49 591.68 591.87 592.~:6 592.62 592.42 592.42 

595.793 594.49 594.68 594.62 594.85 594.81 595.00 595.12 595.46 595.18 595.46 

594.23 595.19 595.19 595.18 595.ll 595.35 595.'8 595.87 595.84 595.86 

590.20 591.66 591.77 591.14 591.20 591.29 591.54 59l.E5 592.23 592.05 591.83 

590.44 591.92 591.29 591.30 591.55 591.72 591.<05 592.40 592.14 592.12 

592.29 593.73 593.44 593.46 593.48 593.56 593.81 594.39 594.10 594.21 

2. See Ar:pendix B for discussion of measurement procedures. 
3. Monitoring Wells purged for sampling on the follcwing dates: 

April 18 - Well *lN 
April 20 - Wells *1A, lN, 4N, 8 
April 21 - Wells #3A, 3N, 6A, 6N, 7, ll, 12, 13 
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TABLE A-1 (Continued) 
MONITORJN; WEU.. AND 'BM' SERIES PIEZCME:I'ER WATER LEVELS 

Well/Piezaneter Measurement Date (1983) and Water Level Elevation 
Nt.nnber 5/10 5/ll 5/12 5/13 5/25 6/1 _§fl_ 6/3 6/9 6/10 

lA 607.95 607.97 608.00 608.03 608.04 607.86 607.90 607.89 607.84 607.87 

lN 592.56 592.50 592.22 591.99 4 592.56 592.17 592.17 592.06 589.51 589.72 

3A 604.07 604.44 604.32 604.27 604.37 603.74 603.52 603.46 603.65 603.49 

3N 593.09 592.39 592.84 593.654 592.57 592.10 592.09 592.04 589.48 590.30 

4N 592.56 592.38 592.45 592.42 592.68 592.32 592.13 592.01 589.82 590.32 

6A 607.42 608.19 608.02 607.22 607.07 606.57 606.67 606.57 606.57 606.58 

6N 592.53 592.58 592.55 592.064 592.67 592.40 592.34 591.98 589.80 590.32 

7 593. 39 592.65 592.86 592.71 592.85 592.54 592.37 592.35 590.36 590.50 

8 592.88 592.73 592.68 593.03 592.87 592.88 592.85 589.47 590.88 

ll 592.50 590.465 592.57 592.38 592.71 592.45 592.28 592.17 589.96 590.46 

12 592. 53 592.48 592.20 592.68 592.36 592.34 592.25 589.96 590.46 

13 592.53 592.27 592.33 591.84 592. 53 592.27 592.23 592.20 589.86 590.25 

BM-1 595.22 595.24 595.20 595.14 595.78 595.65 595.34 595.35 594.50 594.68 

BM-5 595.92 596.00 596.04 595.99 596.96 596.84 596.80 596.74 595.89 596.00 

B'1-10 592.13 592.07 592.12 592.03 592.30 592.00 591.98 591.88 589.68 590.18 

BM-ll 592.20 592.25 592.19 592.14 592.40 592.10 591.91 591.54 589.53 589.78 

BH-29 594. 23 594.35 594.38 594.22 594.58 594.33 594.30 594.27 593.01 593.36 

NOI'ES: 1. Elevations in feet, MSL. 
2. See Appendix B for discussion of measurement procedures. 
3. Well lf2 p..ll11ped at approximately 150 gpn for 70 minutes on May 13, 1983. 
4. Wells lflN and jf3N p..nnped, and Well #6N bailed for dye test sample on May 13, 1983. 
5. Well #ll p.1rged for sampling on May ll, 1983. 
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TABLE A-2 (Continued) 
'D' SERIES PIEZCMEI'ER WATER LEVELS 

Piezaneter Measurement Date (1983) arrl Water Level Elevation 
Number 5/10 5/11 5/12 5/13 5/25 6/1 6/2 6/3 6/9 f'i/10 

[)-1 606.7 606.6 606.6 606.5 606.6 606.5 606.4 606.3 606.1 606.1 

[)-2 608.1 608.1 608.0 608.0 608.0 607.9 607.9 607.8 607.3 607.2 

[)-3 605.3 605.7 605.6 605.4 607.3 607.1 607.2 607.1 606.7 606.7 

D-3a 609.5 609.7 609.6 609.6 609.7 609.6 509.7 609.6 609.4 609.4 

[)-4 608.2 608.0 6013.1 608.1 607.9 607.6 607.8 607.8 607.6 607.5 

[)-5 608.2 608.5 608.4 608.3 608.6 607.9 608.3 608.3 608.1 608.0 

[)-6 595.1 596.4 595.7 595.8 605.2 606.0 606.3 606.3 606.4 606.3 

D-6a 610.0 610.2 610.0 609.9 611.4 611.6 612.0 612.0 611.4 611.5 

[)-7 606.2 606.1 606.1 606.1 606.3 606.1 606.0 606.1 606.2 606.1 

[)-8 604.0 604.0 604.0 603.9 604.3 604.2 604.0 604.0 604.0 604.0 

D-Sa 605.7 605.9 605.8 605.7 607.1 607.5 607.6 607.7 608.0 607.9 

[)-9 589.7 590.0 

D-9a 620.34 618.04 

D-9b Dry Dry 

NOTES: 1. Elevations in feet, MSL. 
2. See Appendix B for discussion of measurement procedures. 
3. Well Jl2 punp2Cl at awroximately 150 gpn for 70 minutes on May 13, 1983. 
4. Water used to flush hole when sand filter jammed piezometer during installation. 

These water levels have not stabilized. Water level measured at completion of 
drilling was 604.6. 

A-4 834-1358.3 
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TABLE A-3 
'P' SERIES PIEZOMEI'ER WATER LEVELS 

Open Ground 
Piezaneter Date Interval O::xnpletion Surface Measurement Date (1983) and Water Level Elevation 

Number Installed Elevation Strata Elevation 4/22 4/25 4/26 4/27 4/28 4/29 4/30 5/l ~a_ 5/3 5/4 

P-l 4/27/83 595.4-603.0 Fill/Till 610.9 606.57 609.42 610.22 611.27 611.62 nll.78 

P-2 4/28/83 576.0-583.0 Till 611.0 578.40 577.49 577.94 579.05 579.65 580.00 

P-3 4/29/83 534.1-548.0 Dolomite 611.1 

P-4 4/28/83 576 .l-582. 5 Till 609 .l 607.06 607.93 608.54 608.83 608.74 608.49 

P-5 4/29/83 595.3-605.0 Lacustrine 609.3 607 .Ol 605.77 605.45 6C5.29 605.14 605.04 

P-6 5/16/83 531.3-547 .o Dolomite 609.3 

P-7 4/29/83 597.9-606.0 Lacustrine 609.9 603.64 605.73 606.10 6(6.30 606.23 606.03 

P-8 4/29/83 574.7-582.0 Till 609.7 576.43 578.13 579.05 5i9. 92 580.93 581.30 

P-9 5/10/83 530.4-543.3 Dolomite 609.9 

P-10 5/6/83 517. 4-531.5 Dolomite 604.9 

NYI'ES: l. Elevations in feet, MSL. 
2. See Appendix B for discu&sion of measurement procedures. 



September 1983 A-6 834-1358.3 

1~1\BLE A-3 (Continued) 
'P' SERIES PIEZCMETER WATER LEVELS 

Piezaneter Measurement Date (1983) and Water Level Elevation Number 5/10 5/11 5/12 5/13 5/25 6/1 6/2 6/3 6/9 6/10 
P-1 611.67 611.67 611.67 607.375 fill. 99 612.08 612.07 612.06 612.07 612.07 

P-2 584.80 586.08 587 .oo 578.905 588.92 592.64 593.06 593.35 596.50 596.60 

P-3 592.30 592 .u 592.21 592.41 592.58 592.16 592.07 591.89 589.90 590.19 

P-4 607.54 607.54 5 607.64 607.59 607.91 607.68 607. 50 607.49 607.46 607.49 

P-5 604.33 604.345 579.54 579.64 584.66 592.10 592.46 592.41 594.74 594.79 

P-6 600.43 600.23 600.35 600.40 599.88 599.88 

P-7 605.58 605.64 605.66 605.68 605.77 605.35 61)5.28 605.17 605.33 605.38 

P-8 585.93 586.63 587.73 588.29 594.39 592.78 596.58 596.37 597.93 597.97 

P-9 592.43 592. 20 592.005 592.69 592.45 592.19 592.18 589.59 590.42 

P-10 592.88 592.70 592~88 592.685 592.85 592.58 592.46 591.97 589.88 590.23 

NJTES: l. Elevations in feet, MSL. 
2. See Appendix B for discussion of measurement procedures. 
3. Well #2 pumped at approximately 150 gpn for 70 minutes on olay 13, 1983. 4. P-4 and P-5 pumped after measurement on May 11, 1983. 
5. P-1, P-2, P-9, and P-10 pumped after measurement on May 12, 1983. 
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Ba.<ser-t'lorner* 
Borehole No. 

1 

5 

9 

9 

12 

12 

14 

14 

14 

19 

19 

22 

25 

TABLE A-4 

SUMMARY OF IABORATORY HYDRAULIC 
mNDUCI'IVITY MEASUREMENTS IN 0\lERBURDEN 

(Fran Bowser-Morner, Inc.) 

Depth/Elevation Hydraulic Conductivity 
(ft.) Strata (cm./sec.) 

12.4- 12.6 Lacustrine 7.0 X 10-9 

28.0 - 28.2 Till 1.5x 10-8 

10.0 - 10.2 Lacustrine 6.1 X 10-9 

30.0 - 30.2 Till 1.6 X 10-8 

14.2- 14.4 Lacustrine 2.6 X 10-8 

35.0 - 35.2 Till 1.6 X 10-8 

10.3 - 10.5 Lacustrine 3.5 X 10-8 

20.2 - 20.4 Till 2.2 X 10-8 

40.4 - 40.6 Till 8.4 X 10-9 

8.3 - 8.5 Lacustrine 1.5x 10-8 

28.0 - 28.2 Till 3.1 X 10-8 

25.0 - 25.2 Till 2.4 X 10-8 

8.0 - 8.2 Lacustrine 8.6 X 10-8** 

* Bowser-M:>rner borehole numbers do not correspond to monitoring well 
or piezometer numbers. 

**Test performed in horizontal direction 

Golder Associates 
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Borehole 
No. 

D-3 

D-6 

P-1 

P-2 

P-4 

P-5 

P-8 

TABLE A-5 

SlJW.1ARY OF IN SI'IU HYDRAULIC CONDUCI'IVITY 
MEASl.JRfMENTS IN OlERBURDEN 

(By Golder Associates) 

Open Interval Hydraulic Conductivity 
Elev. (ft.) Strata (an./sec.) 

576.6-585.5 Till 2 X 10-8 

575.9-585.0 Till 1 X 10-8 

595.4-603.0 Fill/Lacustrine 7 X lo-7 

576.0-583.0 Till 3 X 10-8 

576.1-582.5 Lacustrine l X l0-6 

595.3-605.0 Till 2 X 10-8 

574.7-582.0 Till 2 x 10-8 

Golder Associates 
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TABLE A-6 

SUMMARY OF PACKER TEST RESULTS IN BEDROCK 
(By Golder Associates) 

Hydraulic Conductivity 
Borehole No. Depth (ft. ) (cm./sec.) 

50.0 - 55.0 3 X 10-3 
54.0 - 59.0 2 X lo-3 
58.0 - 63.0 2 X 10-3 
62.0 - 67.0 2 X 10-3 

66.0 - 71.0 2 X 10-3 
70.0 - 75.0 1 X lo-3 

P-6 

P-9 47.5 - 51. 5 1 X 10- 3 
51.5 - 55.5 No Take -
55.5 - 59.5 1 X 10- 3 
59.5 - 63.5 1 X lo-3 
63.5 - 67.5 2 X 10-3 
67.5 - 71. 5 1 X lo-3 
71.5 - 75.5 1 X 10-3 

P-10 48.0 - 53.0 3 X 1o-3 
52.0 - 57.0 3 X 10-3 
56.0 - 61.0 3 X lo-3 
60.0 - 65.0 3 X 10- 3 
64.0 - 69.0 2 X 10-3 
68.0 - 73.0 No Take -

1o-5 

10-5 

Note: All tests conducted in the Tymochtee Dolomite. 

Golder Associates 



Formation 

Tyrrochtee and 
Greenfield 

Lockport 

Tyrrochtee and 
Greenfield 

Tyrrochtee 

Tyrrochtee 

Tyrrochtee 

Tyrrochtee 

Tyrrochtee 

TABLE A-7 

SUMMI\RY OF HYDRAULIC PROPERI'IES OF BEDR02K 

Hydraulic 
Conductivity 

(cm./sec.) 
Transmissivity 

gp'l/ft. 

65,150 

22,270 

10,300 

5xlo-3 2,830 4xlo-3 

lxlo-3 to 
3xlo-3 

2xlo-3 to 
10-5 

3xlo-3 to 
10-5 

lxlo-4 

Storativity 
Reference 
Test Method 

500 gpm pump test 

500 gpm pump test 

500 gpm pump test 

11 gpm pump test 

Packer Testing 

Packer Testing 

Packer Testing 

Empirical Relationship; 
s = a~~fer ~£ickness 
x lxlO ft. 

(see Appendix A) 

4 - test well S-23 

4 - test well S-18 

4 - test well S-24 

1 - site well #10 

Borehole P-6 

Borehole P-9 

Borehole P-10 

~ 

~ 
h 

1-' 
'-0 
ro 
w 

ro 
w 

"" I 
1-' 
w 
lJ' 
ro 
w 
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TABLE A-8 

SUMMARY OF SPECIFIC CAPACITY DATA 

Pump Rate Specific Gravity 
Well Formation Location (gpm) gpm/ft./ft. 

lN Tymochtee/ On site, see 10.0 0.17 
Greenfield Figure 2 

3N Tymochtee On site, see 12.4 1.2 
Figure 2 

6N Tymochtee On site, see 13.3 0.86 
Figure 2 

7 Tymochtee On site, see 13.3 0. 1 
Figure 2 

8 Tymochtee On site, see 10.9 0.8 
Figure 2 

11 Tymochtee On site, see 13.3 0. 5 
Figure 2 

12 Tymochtee On site, see 13.3 0.2 
Figure 2 

13 Tymochtee On site, see 13.3 0.05 
Figure 2 

OEPA 4 Tymochtee On site, see 6. 8 0. 0 3 
Figure 2 

S-18 Lockport Off site, see 503 0.02 
Figure 7 

S-23 Tymochtee/ Off site, see 503 1.8 
Greenfield Figure 7 

S-24 Tymochtee/ Off site, see 503 0.6 
Greenfield Figure 7 

Golder Associates 
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An investigation of subsurface conditions at the site was 

undertaken by Golder Associates, between April 19 and 
June 1, 1983. 

stages: 

The investigation was performed in two 

l. An investigation of subsurface conditions and 
installation of piezometers in the vicinity of 
the existing containment dikes. The borings 
completed for this portion of the investigation 
were denoted as D-1 to D-9b, respectively. 

2. The installation of piezometers at various loca
tions around the site, for the purpose of moni
toring local groundwater levels. These borings 
and installation are denoted as P-1 to P-10, 
respectively. 

The subsurface conditions encountered in each boring 
and details of piezometer installations are summarized on 
the Record of Borehole sheets in Appendix D. 

All of the borings were advanced with a truck mounted 
power auger drill rig opera ted by Bowser-Morner, Inc. , 
Toledo, Ohio. 

The D-series borings were advanced 

from 15.5 ft. to 73.0 ft. below ground 

to depths ranging 

surface. Repre-
sentative samples of the overburden materials were ob
tained at l. 5 ft. to 5. 0 ft. intervals using 2 inch diam
eter split spoon or 3 inch diameter thin wall (Shelby) 
tube samplers. 

in conjunction 

Standard penetration 

with the split spoon 

tests were conducted 

sampling. The thin 

wall tubes were hydraluically pushed and extracted from 
the soil in order to minimize sample disturbance. The 
in situ undrained shear strength was determined at select
ed depths using a field vane shear apparatus. 

Golder Associates 
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A l inch diameter PVC standpipe type piezometer was 

sealed into each of the D-series borings following comple

tion of the hole. A single piezometer was placed in each 

hole to insure the quality of the installation. At bore

hole locations D-3, D-6, D-8 and D-9, a second shallow 

piezometer installation was placed in an unsampled boring 
drilled adjacent to the sampled boring. These unsampled 
piezometer installations are denoted as boreholes D-3a, 

D-6a, D-9a, and D-9b, respectively. 

The piezometers were fitted with a 5 ft. screened 
section with 0.010 inch slot width openings. A silica 

sand filter was packed around the screen, and bentonite or 
bentonite-cement grout was used to seal the hole to sur

face. 

The P-series borings were advanced to depths ranging 
from 12.0 ft. to 87.5 ft. below ground surface. These 

holes were generally not sampled through the overburden 
materials. Continuous diamond coring of the bedrock was 

undertaken in borings P-3, P-6, P-9 and P-10, to depths of 
30 ft. to 40 ft. below the bedrock surface. 

Pressure packer testing was conducted in the bedrock 

at continuous depth intervals of approximately 5 ft. using 

an inflatable rubber packer device. The tests were gener

ally carried out at a single injection pressure, and were 

conducted for approximately 5 minutes after stabilization 

of pressure and flow rates into the hole. The hydraulic 

conductivity of the bedrock, as calculated from the packer 

tests, is presented on Table A-6. The packer device be

came lodged in borehole P-6, as the result of caving of 

the fractured rock materials around the packer. According

ly, the hole and packer were grouted shut with cement-

Golder Associates 
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bentonite grout, and a new boring was drilled about 15 ft. 

to the north to permit piezometer installation. 

The piezometer installation techniques used for the 

P-series borings were similar to those described above for 

the D-series holes, except that 2 inch diameter PVC stand

pipes and screens were used. 

The water levels in the piezometers in all of the 

borings were monitored frequently following installation. 

These levels are listed in Tables A-1, A-2 and A-3, and 

plotted on Figures ll through 16. Selected piezometers 

were bailed or pumped dry, and the rate of recovery of 

water levels was observed in order to allow calculation of 

the in situ hydraulic conductivity of the soils. The 

results of this testing are summarized on Table A-5. 

Water levels were measured in the monitoring wells 

(4 in. diameter) by lowering a tape down the hole until it 

touched the water surface. This was determined very easi

ly by visual observation and the accuracy of these mea

surements is considered to be to the nearest 0.01 ft. 

Water levels in the smaller diameter piezometers, D and P 

series piezometers (1 in. and 2 in. diameter) were mea

sured with an electric water level indica tor. These mea

surements are considered accurate to the nearest 0.1 ft. 

Water level elevations listed in Tables A-1, A-2, and 

A-3 were calculated by subtracting the water level depth 

measured from the top of the standpipe from the standpipe 

elevation. These elevations are accurate to within 

0.01 ft. However, the ground surface elevations listed in 

Tables A-1, A-2, and A-3 are only considered accurate to 

within 0.1 ft. 

Golder Associates 
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The split spoon samples obtained during the investi

gation were placed in glass sample jars and the thin wall 

tube samples were tightly capped in order to minimize 

changes in moisture content. 

Laboratory index (classification) testing including 

water content, Atterberg limits, grain size determination, 

and bulk density was performed on selected samples by 

Bowser-Morner Testing Laboratories, Inc., of Toledo, Ohio. 

Selected thin wall tube samples were shipped to Golder 

Associates laboratory for consolidated undrained triaxial 

shear strength testing (R tests). The results of the 

laboratory testing of the soil samples is reported in 

Golder Associates' report "Assessment of Perimeter Con

tainment Dike Stability", dated June, 1983. 

The bedrock cores obtained during the investigation 

were logged by a member of Golder Associates engineering 

staff on the site, and are presently in the custody of 

Bowser-Morner, Inc., of Toledo, Ohio. 

The field work was directed by a member of Golder 

Associates' engineering staff who located and logged the 

borings in the field, and directed the drilling and sam

pling operations. The locations and elevations of the 

D-series borings (with the exception of D-9, D-9a and 

D-9b) were surveyed by Farnham, Wi r r ies, and Bernings. 

The location and elevation of the remaining borings were 

surveyed by Golder Associates staff. All elevations refer 

to U.S.G.S. MSL datum. 

Golder Associates 
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0!1NR ~le<'~n Se.1 Level F. lev. "' co 
(\.J}! OEI'fl IJcpt h Year Lop, 1983 Survev w 
No. Nn. ( f ('(' t) c,, s i !l)', LJrillccl C\Jlt D.:t t e s Snf11J~.L~.!! Date flh.l1Hlonctl Nun1ber TOC TOG Rem<~rks --- ~~-----

l" gnlvonizcd steel 1978 fo/79 - 6/79 6/79 - Filled -- 606.)) 606.2 
with cement 

IN 200 6" PVC cased to 60' 1979 7/79 - rresent -- 5St.277 (J09 .17 607 ,!, 

lA -- 18. 5 6'' PVC perforated 1979 6 ~tenths 1980 -- 609.95 608.4 

150 t," r,alvanizcd steel 1976 2/76 - present 
Cap 12/80-6/81 Buried under drive Used for washing trucks 

]'' galvanized steel 1976 6/76 - 9/76 6/79 - filled 
with cement -- &o s·. 16 60!..8 

n 
JN -- 50 6" PVC cased to t.B' 1979 7/79 - present -- 5 St. 2 7 6 606.75 605.) -- I 

1-' 

JA -- Lt.'orl8'? 4" PVC perforated 1976 4/76 - present -- -- 606.)7 604.7 
Gap 1/82-3/82 

' 1 55 6" galvanized steel 1972 Cwt-1 8/71.-6/79 June, 1979 4 2 5054 609.4) 608.2 Hand pump 
OEPA '72-6/79 

4~ 1 50 6'' PVC cased t 0 4 fl' 1979 Cl..rtl 7 I 79-prcsent -- ))!, 27!; 608.84 608.0 

Q[PA 7/79-pre~cnt 

S6'or51'? , .. galvanized steel Unknown CWl1 7/74-present -- Location Unc~rtain L.:~h '·'~11 

cased to 50' OEPA '72-prescnt 

6 -- -- )" galv<.mized steel 1976 1;/76 - 6/79 6/79 - Filled 609.36 608.4 
with C('_ment 

-JCJj 
> 0 

". "" 6N -- 50 6" PVC cased to 46' 1979 7/79 present -- 55<'.27] 610.65 608.5 
-. (/) 

0 (') 
6A -- !2'or\B'? 4" PVC perforated 1976 ,/76 - 1/81 -- 608.67 608.67 Ho ... ·er broke casing off 19 8 2 co 

~~ Gap 12/76-2/77 
w 

~ 3:: "' cro I 

~ ;o 7 -- 5\ 6" PVC cased to 45.5' 1979 7/79 - pre.'lent -- 554275 610.26 608.1 -- 1-' 
w ., z 

0 (') 8 ) so 4'' galvanized steel 1979 C\.fM 9/79-present t.0501l5 612.88 611.8 Eckhllrt home empty since 1981 en 

::::. ;:o 
co 

(1> cased to 4 7' OEPA '72-present 

"' 
w 

" " 
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4 " 4" Ralv<~nized steel 
cased to 44,5' 

77 Galvanized steel 

6 56 4 1/q" cased to ·U.S' 

11 ~~ 60 6" PVC cased to L, 7. 5' 

12 ~~ 65 6" PVC cased to 4 7' 

13 ~~ 60 6" PVC cased to '•8' 

Pump ~~ 75 6" PVC cased to t.B' 
house \.lell 

LEGEND 

CWM Chemical Haste Hanagement 

OEPA - Ohio Environmental Protection Agency 

TOC Top of Casing 

TOG Top of Ground 

,-

MCNITOR WELL CXlNSTRUCTICN SUMMARY (Cbntinued) 

1957 OEPi\ '74-'80 19908') ~~ 

Unknown OEPA '72-' 7l+ l 9 7 !, ' rump 
brokP 

1956 OEPA '75-'79 1979 182754 ~~ 

1981 1/82-present ~~ 602224 609.79 

1981 1/82-present ~~ 602225 608.38 

1981 l/82-present ~~ 602222 605.27 

1981 ~~ 602223 606.43 

-

+ 605- Emery house 

nos"!: Hand pump 

610! Gertensberger home 

608,4 

606.1 

603. 7 

604.7 Not a monitor well 
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834-1358.3 September 1983 

Schl.c;,Ohro Division Of Geological Survey Permit No. __ _,2=-..o:lO"-.. __ 
Permit Issued __ 2::_,..-::.2 4.:,-.-.:._7.=_2 _ 
Qua dra n g l e __ __:cC:c:1..:.V..:d:.oec_ 
Twp. Quorc,~r ------

County 

L" · d o· 1 1 Lund 0:.·:-~ r _:_, 0 lgul lSJ20S_e Well No. [);:Jtc Commenced - -
Opcrutc: >:io Liguid Dis2osal 1 Inc. - Well No. Date Completed 3-16-72 
Elevation Eo.:- s. L. Total Depth 2933' Plugged Back 
Fonnation Drlci. 7o. --~ 

Prod. Form. Prod. Nat. 

I. P. 
Init Rock Press... 

Casing Record 8" 643'. 5k'l 2809' 
Abandoned 7-23-80 

Formation Top Bon om Remarks Formation Tor I Bottom Remc: 
X= 1' 86 7' 877 Conasauga 2481 2606 Y= 621 ,L}Q Rome 2606 2748 

I Shady 2748 2810 
Ove rbu rcier: 0 65 Mt. Simon 281 0 I 2932 

Granite 2932 2933 !To 
PLUGGING REPC:;_T 1T22-80 I 

I 

I Big 1 i me 65 605 I I Trenton 1667 1828 
i 

81 ack river i 1828 2312 

I Gu 11 river i 2312 2363 ! 
G 1 eny;ood i 2363 2366 ' 

I 
I i Knox I 2366 2481 ' ! 

I ' 

' I 

Fo: .. ::.·_~on Top Bottom Remarks Formation Top Bottom Rerna.rk< 
NSR 11··2·· 72 

I._J :·-,r Csg. 
~ 

8 ·5/8 11 -643'; '-2"-280 ()• 
B.Lm. 65 604 

I Tren. 1666 1828 -
B. Riv. 1828 2323 

I Glen. 2362 2366 
L.Copper Ridge 2366 2481 
Maynardsville 2481 2606 
Rome 2606 2 748 

Shady 2748 2810 
Mt.Simon 2810 2931 
TD 2932 

I 
I i 

I 
' I i 

~ I i 
I li I 

n - ' 
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\ ____ L _ L ___ J _ ___L __ J - __ l____ --'--_j 

SCHL:GRN,Cal ,O,Co,L I .W .. D.W. #19 Pcnnlt No. _Ll.:L. ____ _ 

S I R 0 : 3 0 V Pe' mit Issued _;92-'-:.;5~.:-:..L7;:.9 ___ _ 

: .·ont)'~~uii.LSJ.'>.K_,_y____ TownShip ____ .LU.W...L_ ______ Quamocs!c __!.C...Jl;;.y~d_ee ____ _ 

S•.'~-ri~)n 2£ Lot ____ Troct Twp. Qu:.:rler ______ _ 

\!c•'-"""J--~::"-'~c__w......;&~2.,_3-'-7L7~.9.c.5L'-'-E'-l-'o"-f'->.Scoe.~.c~.~2u6L-________ :-:-:----:::-:----------

~c~J o.vnc~ Ohio ! jquid Disposal Inc Well!\'o. --Lt'---

Orcrator Objo l iqtdd Disposal, Inc Well No.-=-~ Dcae Completed --"--'of__:.'....='-._ __ 

E:!n·ctlon Bat 606 11 ' 616.11 'KB Total Depth 2980' Plugged ]lad, --------

~ormmion Drld. To Pre-Cambrian Prod. Form. Mt. Simon Prod. Nat.-----------

-~;;_/_;:W_l,_._M'---':l.g -=..a 1-'-._;1~5-"'-%-'H-"C'-'-1__._,1 O"---'-l"-8~-Zc_,9,_,_;_.A,Cj/_cW'-""4M-'-"g-"-a-'-l _.1'-"5""%-'H-"C'-'-1_1_,_,0"---'=2"-3 -_.7_;9:.._ __ 1. p. -----------

hi c Rock P" "· --;-1-;-6-;;-" -4.,.,3,-,-, "'l;-;2'"'5~s-;-k-s-'l "o -3"'/"4"''' ...,6"'3"'2'' --;c5 O"O"'s'k_s_"'Z'""--...,2"'34=2 '' --
Casing Record ' ' Abandoned 

Top I Bottom Remarks Formation Top f Bottom { 
-

Formation 
Re rnorks 

:; o;; e C0~1PLETION 3-1 2-80 X= 1,867,600 
I Big 1 ime 50 600 wtr Y= 621 '450 

Clinton 600 zoo Rome 2594 I 2656 
I 

Brassfield 700 I 743 Rome 2656 ' 2746 wtr 

~ueenston 
! 743 I 840 Shady 2746 2808 
! I 

Reedsville 840 i 167 2 
' 

Mt. Simon 2808 ' 2936 

Trenton ' 1672 I 1820 i Granite 2936 i 2980 TD 
I 

3lack river 1820 . 2307 is/gas 1850' II COMPLETION 8-6-80 

Su 11 river 2307 2360 I 
I' Added treatment i formation. 

I 
,I I 

Glenwood 2360 2366 li 
I 

: I 
I 

Copper ridge 2366 2450 
lv1tr 

II ' 
II ' 

'"aynardville 2450 2594 
I 

i 
q 

' i! 

B - 2 
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--''..J+ -~I I 
SCHL:GR,Cal ,D,L, I ,CB 

S-3405) .•'-·-
' /· ~'P'er\~£it No. _ _,2"--'2,_:4'-:---~-~ 

BIRD 3Dv T · ~ :' , ·~· 1 s:r_:;-. : ' ' r .. , " '" #12 

Count~- SANDUSKY 
Pee mit l'> ue d ---:l:--:-c-'2'-"8'----'--7-"6 __ _ 

Towruhip ____ !}RJ__Jb.Lb.YL_ _______ Quadrangle --"C_,_l yl-'d=..;e~~ 
~=--Lot -~~1~ct Twp. Quarter_~-~-

232' NL & 2635' EL of Sec. 26 

Lcnc O<ne• Ohio I iquid Disposal. Inc, Well No_--'----~~ Date Commenced --':6'-;-:.11J.7.::-.L7.Q6_ 
Opetotoc Ohio I iotlid Disposal. Inc Well No. Date Completed -------'l___r_l.=.-L23.),;-::.,7Lt6L___ 
E1evotion B<u- 607' G 61 5 'OF 616' KB (6 l 8' KB) Total Depth 296 l ' Plugged Bock --------

Fonnotion Drld. To Pre-Cambrj an Prod. Form. Prod. Nat. ----------

a l . I.P. ------------

I nil Rock Press_--------------,-----------,-----

! Casing Rec"'d 10 3/4" 629'500sks, 7" 2371'. 3!.;" 2800' 

Formation 

I om COMPLETION 
Glacial deposits 
Big L irne 

·Shale 
Dolomite 
Sha 1 e 
Dolomite 

·Shale 
Dolomite 

1 Limestone 
Trenton 

Top 

3-b0-78 
0 

60 
600 
690 
700 
710 
720 
880 
910 
960 

Black, Gull river 1560 

Bortom I 

60 I 
600 I 
690 
700 i 

710 ' 
720 -
880 
910 
960 I 

1560 
2360 

Remarks ll FOimation 

X= 1,867,397 
Y= 621,418 
Glenwood 
Glenwood 
Knox 
Sandstone 

' Rome 
I_ Mt. Simon 
jl Basement 

II 
!I 

!I 
' 

B - 3 

!WOW 
Abandoned 

Top I Bottom 

2360 2370 
2370 ! 2380 
2380 2440 
2440 2590 
2590 I 2820 
2820 2930 
2930 2961 

Rerncrks 
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_::.~~~ -~~o:-·'_LI -,:; ,~•'-"··.c'~;J.~~~-~'--~-_L-.~' _ ~___1-~__L---~ 
SCHL :GR,Cal ,D,CB,L, I 
BIRO:GR,Cal ,D,3DV, Tr ·* 

S-3416 

#13 

834-1358.3 

Ccunty SANDUSKY Towruhlr ____ .!.:R~l_<ol_c,E..cY ______ _ 

Pwnlt No. ---"-22"-5"-----
Pe t ml t Issued ___,1~-,.,2'-'8'---'-7-'6'-----
Quo dto n g I e _ _,C'-'1'-'y-'dcoe __ _ 

NF!a ScctiC':: ---'-'-'--Lot ---~Trccr 

127° '~'~~~_~~__lll]S' EL of NEl-c Sec. 26 
T ... r. Quarter ______ _ 

Lend Osnec Ohio I jquid Disposal. Inc, Well No.--"'--- 7- l -76 
Operator Ohio I iq11id Ojsoosal. lor 
Elevation Bat ( 608 8' Sl) 607' 

W c II No. ---- Dote Completed __ l.Ll.L-::..2:..,2:.::..,7'l6L__~ 

618' KB Total Depth --"2.:2.9.\!.6\.LO~' -~ Plugged Back --------

_ _.LP.Lrz.P.::.-Cw:uamlJJb.LJrLiuauDl__Prod. Form. Prod. Nat. -----------

J.P. ------------

I nit. Rod; Pres.-----------------------

10 3/4" 663' 7" 2369' 3'" 2800' Casing Record ' ' 'j Abandoned 

W D W. 

Formcti on Top Bottom Remarks Formation I Too I Bottom Remarks 

n,tcoCOMPLETION 3-3( -78 X= 1,868,122 
Glacial deposits 0 67 Y= 620,380 
Big lime 67 665 Dolomite 2500 2570 
Shale 665 1700 Sandstone 2570 2600 
Trenton 1700 l 820 ' I Dolomite 2600 2700 
Black, Gu 1 l river 1820 2360 I I Sandstone ' 2700 2720 I I : 
Gl em,ood ! 2360 2370 ' ! Dolomite 

I 2720 ' 2740 
Glenwood 2370 2400 I I Sandstone ! 2740 2750 
Knox 2400 2440 . ,Dolomite 2 750 2820 
Sandstone 2440 ' 2450 : : Mt. Simon 2820 2890 
Dolomite 2450 2460 ' ' Basement 2890 2900 
Sandstone 2460 2500 . *DIA-LOG COMPANY Casino Profile Ccli~her -.-

'I ; 
~ I 
' 

B - 4 
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S-3417 , 

Penni t MD. ---§"2 2,_,6"-:::---::-::---~ 
Pee mit Iss ud ___c1c_,-..=2..=8c_-_!_7C"-6 __ _ 

#14 

SANDUSKY Townshir ____ _DRc!.J.hL.hE.LY ______ _ Qua dw n gl e _ _,C'-'1-XY-=d"'.e __ _ 
Twp. Quurto;>r ------

Well No. Dote Commenced _ _i7_:-_t1_;;5::_j_7Q6 __ _ 
Well No. Dote Completed __ 1L1L:-:L2-'l4c=-_L7..Q6 __ 

Total Depth 2905 1 
Plugged Back --------

t.:c. :·.-.ec Ohio I iq11id Disposal, 
c,,,,,., Ohio I iq11id Ojspos 
El .... cc.cc?.c.c 609 l' Sl 6l8'KB 

--"-=~cu:c."'--'-=c__-Prod. Form.---------- Prod. Nat.------

A 'h' ~'-~ oal. 1 ~~ I.P. -------------

lnit ?.:--:K Pn:-ss --------------.,..------,.-----

10 3/4" 637' 500sks 7" ?388' ~~" ?8?l' Cc.s:::g Record 

?:)rmction Top 

Dal€': COMPLETION 3-: p-78 
Glacial deposits 0 
Big Lime 67 
Shale 665 
Trer, :on 1680 

1 L i!nes::one 1830 
Gl e~ ,.,~od ! 2370 
Kno\ 

' 
2420 

ScnCs~one 2426 
Dolo.-ite 2432 ! 

Sa ncs~one 2435 
Dol:::-~-~ te 2446 

' • 
Bottom Remcrks 

67 
665 

1680 I 
1830 i 

2370 
2420 
2426 
2432 
2435 
2446 
24 81 

" 
Formation 

X= 1,869,065 
Y= 620,485 

Sandstone 
Shale 
Dolomite 
Shale 

[1 Sands tone 
rt Dolomite 
11 Sandstone 
1
! Dol amite 

Mt. Simon ~~ Basement 
,, 
" 

B - 5 

Abandoned 

Too Bottom l Remarks 

2481 2509 
2509 2519 
2519 2520 
2520 2529 
2529 2694 
2694 27ll 
2 7]] 2712 
2712 ' 2797 
2797 i 2905 
2905 2910 
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_______ l --' ' ___ l_ 

c ..._-.unt y __ __:'":"-·JJ~ n,;"-J..lS"'K'"Y~~-----

C-8 

- :_ _ _! _______ -~j_- _____j 

( 
Towmhip RJ LEY 

834-1358.3 

Permit No. __ 2_3_7____ ~ 
Permit Issued 6-11-80 ·; 
Quu (_(ra ngl e _ _:C_I_,yc_d:_e::._ ___ _ 

L 0 ;1J o. ... · ne r _j.(c_: r._, ~c~OL.CL'--Li ,.q-"uui_.,d,_,D,cl.L. ;,.Sl'P.=Oc;Sccac;lc_,L--~1 ,_,n,c"'·------ We- 11 N 0 • .::5c_____ [).ne Co.) m m c nc e d 

Operator __ _jO..C·'-:..1.~ ou__.clui..>O!llLlli!. d.._.l.IQ_lj_;,Sc>PLIO<.;Sl.Ca"-'-1 ,,_,J--'n,_,c~·~----- Well No. Dote Completed 
Elevation Bcr _ __::;.,l1.L_ ________________ Total Depth Plugged Bock 

r onnat ion Drk -:-- ___________ Prod. Form. ------------ Prod. Not. -----------

--------------------------------------------------IP _________________ _ 
Init. Rock PreH ----------------------------

~asing Record Abandoned 
. 

Formation Top Bottom Remarks II Formation Tor Bottom Re mcrks 

! X-1,865,375 
j I Y= 621,520 
; 

' I 
i 

' I 
'I 

' 

i 
II 

i I 

II I I 
' [i 

II 

(See Attached Schedule) 
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GIAO[ 

16" CONOUC TOR 62.51b/ft 

UINE flllEO ANNULUS 

6' 

CEMENT TO SURFACE 

3/4" HOL f 

SURFACE CASING \0 3/4", 45.51b/ft 

65 

9 l 

CEMENT TO SURfACE 

/2" HOL f 

PROTECTION CASING 7" J-55, 231b/ft 

31/2"00 FRP INJECTION TUBING 

D.V TOOL SET (i 2399' 

.. I 

':; 

~ ... 
~~ 
~l 

BTM. C.S. PROTECTION CASING 2728' 

625 PACKER W/SEAL IOIE EXTENTION 
SET (i 2768' 

. •.. ·. 
. ' 
.··-.··; .. 
• .. ·. . ' 
• 
• 

• .. 
. •·. 
••• 
': 

2 

2 

EPOXY CEMENT ITM. STAGE 

fiP SEAL ASSfMILY 

DIESEL PAD 

CORROSION IESISTANT PROTECTION 
CASING 2728'- 2790' INCONEL 625 
7" 231b/ft 

790' 

2 7/1" 0 D fiP TAll '"E 

800'! 

CHEMICAL WASTE MANAGEMENT 
VICIIll', OHIO 

SKETCH SK-S 

PROPOSED COMPLETION PLANT 

WEll N0.5 
SCALE: NONE C.ATE: AUG.I3 
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- -~__1 - ~- - ._1_. - .L 
{Opn_{'_f) 

I.W.D.W. 0 , 

/1·!/·Y/ 
Township --'R_,_,_l L"-'=E-'Y ___________ _ 

Permit ~o. 2 38 
Permit Issue-d 6-11-80 
Quacb-an"l' C 1 yde c :_.,. ONOIISKY 

lot _____ T~..:t T""r- Quoner ___ _ 

t....: _-: ~ .J.., ~- ~ __ ':;:u:..:iliaLJiui qq.u1 'LJi-LduD.LlL. sO-IJpun.:;,s"'aulL,~LI NLlLc~-----
c f'"' ~:. tc ~ __ _;0_:.• ho_Jl_. OO--LI .Ji..LQI''"-' ,L· dlJ__uO_.j_,s+p"-o"'s"'a"-'-J ~• --J.l.cNu_c _____ --:-:- Dote Com r I t'te J 

£1.:-vct!Cn &:: Total Depth ------ Plugged Back 

, ~ ___________ Prod. fonn. ------------- Prod. Nat. ----------

------------------------- LP. ---------

Casi:-:g Re-e~:: A ba d n oncd 
.. ... - F.:-r:'!")C- :- Top Bottom Re morks Formation Tor Bottom I Rt?mcr;..! 

X=l,866,780 
I Y= 622 '100 I I 
I I 

1.34-567s9 
I i I 

~ 7o 
I ~ 1( -7 I 

(<' ;:-;. {:> 
i ~~-: ? f. (j ..->':: 

~co''<'o ~ 
I 

•- L/:', ;? ~ 

II 
I /0 ..... ,./,.._ (.il 

I .. , ' .:·,, ~ .D co 
...... 4..../ J .:::.; - cL· 

I -~:> -:XJ" 
0--~ .... c: ..... 

: ~-
II 

! 
I 

' ' 

(See Attached Schedule) 
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RECORD OF BOREHOLI o-to 
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" 

I~ 
0 

'"" '"' ·-w -· '"' , •• o ~E I 
oo 

~ I~ 
"J IU.I'IoP1Pt 
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RECORD OF IOIIEHOLi o-tt 
LOCAT!Qtl *'" l"!t ... ~• .0.~ OAT'I Ju"'a I , 198'J .. ,. ... M- ... L. 

SANPLI" HAMNER \llt[IQHT \-46 .. OllOP ~if\. PCMCT14TIOftll TilT HAMMCI WCI.tfT OAOP 
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RECORD OF BOREHOLE P-1 
L0t:4TION ,.. J',q .. ,. IORII<tG OA~ A.I•Jtll ll', 1913 OATUM LOCAL 
U."'PI,f.l'l 114MM[A W~IGHT 1"0 Ill. Ofi'OI' ~Oin f>F;H£TIUT!ON T!IT lo!Airo!MER W!IG!-!T - Q!ltOP -
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RECORD OF BOREHOLE p- 2 

LOCATION '" 
,.,,.,,. lORING OAT! .VII:tt.. 28, I U! DATUM U>C'L 

'lA ... Pl[~ 1-IAM ... EPI W(IGHT 1.0 !Ill 0'0"" '0 '" P€N£TIUT10fll T(IT HAMMER W£10HT - o•OP -
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Form G II -o-1 Projlcl No iiJ)I •1089 
-~-------------

RECORD OF BOREHOLE P -:3 

LOCATION Su Fl<;~u<• 80RING QII.TE APRIL 28 TO MAY ), 1983 OII.TUM LOCAL 

SII.MPLER HAMMER WEIGHT 1'1 0 1b OROP )Q In PENETRATION TEST HAMMER WEIGHT _ OROP _ 
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RECORD OF BOREHOLE P-4 
i..OCATIOH S" ~"•g"u &ORING 01t.TI 4PIIill... l'l, I'll 3 DATUM COC4L 
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RECORD OF BOREHOLE P-5 

LOCATION !ilflf ... , .... 80AING OAT!!: -.. 2.1' I 'til OA.TUM LOC._L 

SA loll PLi Ill HAJolhl[ Ill W£iliHT 140 IIIII CROP lOlA. PliNEHtATIO*' TEST HAMMER WEIGHT - '""" -
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form G A -0·-1 P<oJfi'CI No 8~1- 1089 -I -------------

RECORD OF BOREHOLE p 6 

LOCIHION 5~• F IIJU<• SORING DATE MA~ trJ tuiO.., 1983 DATUM 1<\.S L. 

SAMPLER Hti.MMER WEIGHT 140 lb DROP 3o in PENETRATION TEST HAMMER WEIGHT DROP 
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RECORD OF BOREHOLE P·7 
LOCA.TIOH S•• F><,lufl AP~IL Z.,, I.,S~ O.oi.TUW 
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RECORD OF BOREHOLE P-B 

LOCA.f\Qfol s .. l'ot"n OATUN LOCAl. 
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RECORD OF BOREHOLE P 9 
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BOWSER-MORNER Testing Laboratories, Inc. 

TOLEDO DISTRICT 122 S. St. Clair St. 

Chemical Waste Management, Inc. 
3956 State Route 412 
Vickery, Ohio 43464 

Attention: Mr. Gary Brown 

Gentlemen: 

founded 19/1 

P.O. Box 838 Toledo, Ohio 43696 419/255-8200 

May 3, 1983 

REF: Hydrogeologic Assessment 
Northern Ohio Treatment Facility 
Vickery, Ohio 
Laboratory Job No. 33767 
Report No. T-20356 

The following report summarizes the results of a hydrogeologic 

assessment for the Northern Ohio Treatment Facility. The purpose of 

this work was to perform a hydrogeologic study and analysis of existing 

groundwater quality data. The work was to be done in accordance with 

the special terms and conditions set forth by the Hazardous Waste 
Facilities Approval Board (H.W.F.A.B.) in the site permit issued December, 

1981. The work was specifically to follow the "Hydrogeological Inves

tigation Plan" dated February 19, 1982 and subsequently approved by the 

HWFAB in a letter dated September 14, 1982. 

A preliminary report summarizing this study was issued March 21, 

1983. At that time it was recommended that this final report be delayed 

until additional work could be performed. Based on discussions between 

Chemical Waste Management and the Ohio Environmental Protection Agency 

(OEPA), it was decided to issue this final report before completing the 

additional studies. Please note that this report is based on data 

obtained prior to March 15, 1983. The current work items are listed in 

separate correspondence from Chemical Waste Management. 

For your convenience, samples recovered will be retained at this 

laboratory for a period of 60 days, unless we are otherwise advised. If 

CORPORATE ADDRESS 

KENTUCKY DISTRICT 

420 Davis Ave. P.O. Box 51 Dayton, Ohio 45401 

Route 8 West P.O. Box 636 Maysville, Kentucky 41056 

513/253-8805 

606/564-5508 
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EXECUTIVE SUMMARY 

A hydrogeologic investigation and a statistical analysis of ac-

cumulated groundwater quality data has been performed for the Northern 

Ohio Treatment Facility. The hydrogeologic investigation was based on a 

comprehensive soil boring and superficial rock coring program integrated 

with data available in published and unpublished literature. The 

primary emphasis was upon the glacial soil deposits. Hater quality data 

was summarized and evaluated utilizing regression analysis. 

The natural soil under the site is 40 to 50 feet thick, is clay

rich, and has permeabilities on the order of 1 x 10-S and 1 x 10-9 . No 

aquifer or significant pockets of water were found in the soil profile. 

No natural connections are known to exist between the surface and the 

bedrock aquifer. In our opinion) the natural soil conditions are good 

to excellent for the containment of the types of waste handled at the 

site. 

The statistical analysis of the groundwater quality data indicates 

that most parameters except for hardness, sulfates, and chlorides are 

below federal drinking water standards. The natural groundwater, as a 

consequence of the mineralogy of the rock formation through which it 

flows, is very high in sulfates and hardness. The chloride level under 

the site is significantly different from the background water quality 

data. However, the reasons for this high level are not known at this 

time. Furthermore, groundwater levels under the site indicate that a 

cone of depression is present around the pumping wells and, therefore, 

the general flow of the groundwater apparently is into the site. At 

this time, therefore, a zone of groundwater apparently exists which is 

BOWSER-MORNER 
Testing Laboratories, Inc. 



not leaving the site boundaries due to the apparent purging of the 

groundwater by supply wells used at the site. Note that a comprehensive 

study was not made of the bedrock aquifer and that the apparent cone of 

depression may not be present at all times. Additional testing, analysis, 

and installation of new monitoring wells is recommended. 

BOWSER-MORNER 
Testing Laboratories, Inc. 



Section 

I 

II 

III 

Introduction 

Work Performed 

Area Description 

Location 
Topography 
Climate 

TABLE OF CONTENTS 

Surface Hydrology 
Regional Geology 

General Bedrock Geology 
General Glacial Geology 

Oil and Gas Resources 
General Regional Groundwater 
General Groundwater Quality 

Site Description 

Introduction 
Waste Ponds 
Liquid Waste Injection Wells 
Piping 
Chemical and Physical Treatment of Waste 
Oil Recovery Facility 
Sludge Farm 
Site Access 
Laboratory Analyses 
Groundwater Monitoring Wells 
Site Drainage 
Site Bedrock Geology 
Glacial Geology 
Surface Soils 
Post Glacial History 
Site Groundwater 

Page No. 

i 

1 

5 

5 
5 
5 
7 
8 
8 

13 
16 
16 
19 

22 

22 
22 
23 
26 
26 
27 
27 
27 
28 
28 
32 
33 
35 
37 
42 
43 

BowsER-MORNER 
'J«t£n:f .f!abo.afo..U,, flno. 



Section 

IV 

v 

References 

Appendices 

Data Analysis 

TABLE OF CONTENTS 
(Continued) 

Analysis of Surface \olater Qualtiy Data 
Analysis of Groundwater Quality Data 
Introduction 
Selection of Chemical Indicators 
Description of Statistical Analysis 
Results of Statistical Analysis 

a. pH 
b. Sulfates 
c. Zinc 
d. Chrome 
e. Phenols 
f. Chlorides 

General Conclusions 

Site Assessment 

Appendix A Field and Laboratory Data 

Boring and Piezometer Logs 
Soil Classifications 
Permeability Tests 
Laboratory Summary Sheets 
Carbonate Contents 

Appendix B Injection Well Logs 

Appendix C Water Well Logs 
Well Location Map 

Appendix D Background Water Quality Data 
Hoover (1982) 
ODNR (1970) 
Schaefer and Walton (1956) 
Poorman's Spring 

Appendix E Aquifer Pumping Test Data 

Appendix F Statistical Analyses of Monitoring Well Data 

Page No. 

48 

48 
48 
48 
51 
52 
56 
56 
56 
57 
57 
58 
58 
59 

61 

66 

A-1 
A-88 
A-112 
A-125 
A-145 

B-1 

C-1 
C-27 

D-1 
D-2 
D-6 
D-10 
D-13 

D-1 

F-1 

BowsER-MoRNER 
'Ju~inj J'abow.lo"<iL>, [},_ 



Section 

TABLE OF CONTENTS 
(Continued) 

Appendices - cont'd: 

Appendix G RCRA Monitoring Well Data 

Appendix H Example Analysis of Waste Streams 

Appendix I Legal Description 

Appendix J Hydrogeological Plan and Approval 
Documentation 

Page No. 

G-1 

H-1 

I-1 

J-1 

BowsER-MORNER 
'Julin;} .i:abow.lo..U., !Jn.a. 



Sheets 

1 

2 

3 

4 

5 

6 

7 

8 

9 

TABLE OF CONTENTS 
(Continued) 

Boring Location Plan and Topography 

Facility Location Plan 

Soil Profile 

Soil Profile 

Soil Profile 

Chloride Levels 

Chloride Levels 

Chloride Levels 

Site Surface Drainage Map 

BowsER-MORNER 
'Juting .f'abow.lo..Ju, !Jnc. 



Figure No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Figures 

Page No. 

Site Location Hap 6 

100 Year Flood Plain 9 

Bedrock and Geologic Structure Hap 10 

Bedrock Topography 12 

Surficial Glacial Geology 14 

Oil and Gas Well Location Hap 17 

Potentiometric Surface Hap of the 18 
Bedrock Aquifer 

Site Bedrock Topography 34 

Soils Hap 38 

Site Groundwater Contour Hap 45 

Surface Water Honitoring Points 49 

Proposed New Honitoring Well Locations 65 

BowsER-MoRNER 
'Julin;) .f!abo=foili,, !},._ 



Tables 

Table No. 

1 Elevations of the Glacial Great Lakes 

2 Sunnnary of Facility History 

3 Monitor Well Construction Sunnnary 

4 Summary of Means and Standard Deviations 

5 Summary of Regression Analysis 

Page No. 

15 

24 

29 

53 

54 

BowsER-MoRNER 
'Julin;} .£o.bowloun, !],. 



INTRODUCTION 

The Hazardous Waste Facility Approval Board in 1982, as a permit 

special condition, required Chemical Waste Management to perform a 

hydrogeologic assessment and to analyze the existing groundwater quality 

test data from the Northern Ohio Treatment Facility site. BOWSER-MORNER 

was retained to perform the hydrogeologic assessment and analysis in 

accordance with approved plans contained in Appendix J. The following 

report summarizes the results of this work. 

The following items are included in this report: 

1. Historical summary of site operations and a current site 

facilities map. 

2. Field testing records developed during this study including 
soil boring logs, monitoring well logs, rock core logs, and 
groundwater pump test records. 

3. Laboratory test data developed during this study including 
soil classification data (grain size and Atterberg limits), 
CEC values and permeability values. 

4. Historical records of background regional water quality. 

5. Summaries of existing groundwater quality records. 

6. Miscellaneous research data such as local water well logs. 

The report has been organized in the following manner. 

SECTION I describes the physical testing and test procedures used 
during this project. 

SECTION II presents a broad regional overview of the site's hydrogeology, 

climate, and topography. 

SECTION III presents the detailed on-site hydrogeologic conditions 
including the soil and rock profile and groundwater conditions. Also 
included in this section is a detailed site history and details of the 

on-site topography and hydrology. 

SECTION IV presents an analysis of the existing groundwater quality 

data. 

SECTION V is an assessment of the site in light of the results of 

this study. 

BOWSER-MORNER 
Testing Laboratories, Inc. 



The following summary indicates the location of the required maps and 
illustrations. 

Item Location of Required Information 

I - Location Information 

II-

Legal Description 
Map with grid coordinates 
Name of owner 
Narrative of site location 
Map showing location: 

at scale of r'-200' 
on quadrangle 

Site Description 

Dimensions and elevations of 
facilities 
Narrative description of facilities 
Map of all wells within 2000' 

water 

oil and gas 
injection 
brine 

Description of current operating 
status and use of each well 

water 
oil and gas 
injection 

Map of location of all strip mines, 
quarries, and deep mines with 2000' 
Map of all known pipelines within 
1000' and within property boundaries 

Map location of all borings, test 
pits, monitoring devices, and 
sumps within the boundaries 

test borings 
test pits 
monitoring devices (wells) 
sumps 
monitoring devices (surface water) 

Map location of all known springs 
within 1000' of facility 

Appendix I 
Sheet 2 
Text, page 22 
Text, page 5 

Sheet 2 
Figure 1, page 6 

Sheets 1 and 2 
Text pages 22-28 

Appendix C, page C-27 (as available 
from ODNR records) 
Figure 6, page 17 
Sheet 2 
None known to exist 

Table 3, pages 29 and 30 
Text, page 16 
Text, pages 23, 25, 26, Table 2, pg. 24 

None known to exist 

Sheet 2 
Figure 1, page 6 
Text, page 26 (note only major 
features shown) 

Sheet 1 
None performed 
Sheet 2 
None known to exist 
Figure 11, page 49 

Figure 1, page 6 
Figure 11, page 49 
Text, page 7 

BOWSER-MORNER 
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Item 

III - Hydrogeologic Description 

Map of site topography 
Narrative description of topography 
Map of site drainage 
Narrative of site drainage 
Location of facility relative to 
100-year flood plain 
Description of glacial geology 

Description of bedrock geology 

Identification of all known fresh 
water bearing aquifers 

Location of Required Information 

Sheet 1 
Text, page 5 
Sheet 9 
Text, pages 7 and 8, 32 and 33 

Figure 2, page 9 
Text, pages 1-4, 13-16, 35-42 
Figure 5, page 14; 
Figure 9, page 38; 
Appendix A; 
Sheets 3, 4, 5 
Text, pages 8-13, 33-35 
Figure 3, page 10; 
Figure 4, page 12; 
Figure 8, page 34 

Text, pages 16-21, 43-47, 61-65 
Figures 7, page 18; 
Figure 10, page 45; 
Appendix C, D, E 
Sheets 3, 4, 5 
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WORK PERFORMED 



SECTION l 

WORK PERFORMED 

Thirty-two (32) borings were made in the relative positions shown 

on the boring location plan (see Sheet 1). These borings and resulting 

data are included in Appendix A" The borings were made with a truck-

mounted boring rig using hollow stem augers and employing standard 

penetration resistance methods (140 pound hammer, 30 inch drop, 2 inch 

O.D. split spoon sampler) at maximum intervals of five (5) feet or at 

major changes in stratum, whichever occurred first. The disturbed 

samples recovered by the split spoon sampler were visually classified, 

logged, sealed in moisture-proof jars, and brought to the laboratory for 

inspection. The position at which a split spoon sample was obtained is 

indicated on the boring logs by an 11 A" type sample. Each boring was 

completed by fully grouting the bore hole with a cement-bentonite grout. 

Five (5) water observation level piezometers for the purpose of 

continuously monitoring the groundwater depth were installed at borings 

1, 5, 10, 11, and 29. Piezometers 1, 10, 15 and 29 consist of 1 1/4" 

diameter PVC pipe that was installed into rock and set at the depth 

indicated on the Piezometric Log of the various borings. These borings 

are included in Appendix A. A plug was installed in the annular space 

between the PVC pipe and the bore hole at the top of the rock and cement-

bentonite grout was then pumped into the annular space above the plug, 

filling the annular space from the plug to the surface. Piezometer 11 

was installed through casing at the top of rock, sand packed around the 

screen, and the annular space filled to the surface with cement-bentonite 

grout. 

- l -
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Seven (7) "NX" size rocks were was taken at boring locations 1, 2, 

5, 10, 17, 19, and 29. These cores were taken to confirm the presence 

of solid rock at the site and to allow determination of the physical 

characteristics of the rock. The core was made with "NX" size, diamond 

coring equipment with a specially designed core barrel for maximum core 

recovery. The position at which this core was taken is indicated on the 

boring log by a "B" type sample. 

Thirty (30) Shelby tube samples were taken by hydraulically pressing, 

at a constant rate, 3 inch O.D. thin-walled samplers through the soil 

strata. The thin-walled samples were sealed and brought to the laboratory 

for tests and inspection. The position at which a thin-walled sample 

was taken is shown on the boring logs by a "C11 type sample. 

One pump test was performed utilizing an existing water well and 

piezometer No. 10. Drawdown in both the well and piezometer were measured 

with an electric tape. Discharge was measured utilizing a 55 gallon 

drum and a stopwatch. The data was analyzed using a computer program 

designed for a Hewlett-Packard-97 hand-held calculator (Raynor 1980). 

The results are as follows: 

Transmissivity 

Storage coefficient 

Permeability 

2 
2830 gpd/ft 

4.05 X 10-3 

2 
113.5 gpd/ft 

Seven (7) Unified Soil Classification tests were performed. All 

soil samples recovered were visually separated into general groups. 

Typical samples from each group were then classified according to the 

Unified Soil Classification System. Each sample is shown in its respective 

group on the Laboratory Summary Sheet included in Appendix A. 

- 2 -
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Seventeen (17) sieve and hydrometer tests were performed. The 

samples were dried and dissaggrated, then sieved. The portion that 

passed the 200 sieve was retained for the hydrometer tests. The results 

are shown in Appendix A. 

Thirteen (13) constant head permeability tests were performed on 

samples obtained from Shelby tubes. Twelve of the tests measured vertical 

permeability and one measured horizontal permeability. The samples were 

enclosed in rubber membranes and placed in conventional triaxial chambers 

with chamber pressure then applied. Back pressure, slightly less than 

the chamber pressure, was applied at one end of the specimen while the 

other end was open to atmosphere. Water was flushed through the specimen 

from the high pressure end to the low pressure (atmosphere) end until a 

stabilized flow was achieved. The coefficient of permeabilities so 

determined are listed below: 

Samrle No. 

1 2C 

5 3C 

9 lC 

9 3C 

12 2C 

12 4C 

14 lC 

14 2C 

14 4C 

19 lC 

19 2C 

22 3C 

25 lC 

Coefficient of 
Permeability (cm./sec.) 

7.0 X 10-9 

1.5 X 10-8 

6.1 X 10-9 

1.6 X 10-8 

2.6 X 10-8 

1.6 X 10-8 

3.5 X 10-8 

2.2 X 10-8 

8.4 X lo=9 

1.5 X 10-8 

3.1 X 10-8 

2.4 X 10-8 

8.6 - 10-8 

- 3 -
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Twenty-one (21) cation exchange capacity tests were performed. The 

results are as follows: 

Boring and 
Sample No. 

l - 2A 

2 - 3A 

S - 4A 

7 - 2A 

7 - SA 

9 - 2A 

10 - 6A 

ll - 4A 

12 - lA 

lS - 3A 

18 - 4A 

18 - 7A 

19 - 2A 

22 - SA 

23 - 4A 

24 - 4A 

2S - 6A 

28 - 2A 

29 - 3A 

31 - 4A 

32 - 2A 

Depth (feet) 

6. 0- 7. s 
9.0-lO.S 

lS.O-l6.S 

4.0- s. s 
l9.0-20.S 

4.0- s.s 
24.S-26.0 

14.0-lS.S 

1.0- 2.S 

9.0-lO.S 

14.0-lS.S 

29.0-30.S 

4.0- 5.S 

34.S-36.0 

l4.S-l6.0 

14.5-16.0 

24.0-25.S 

4.S- 6.0 

9.0-lO.S 

14.0-lS.S 

4.0- s.s 

Material 

Lacustrine 

Till 

Till 

Lacustrine 

Till 

Lacustrine 

Till 

Till 

Lacustrine 

Lacustrine 

Lacustrine 

Till 

Lacustrine 

Till 

Lacustrine 

Lacustrine 

Till 

Lacustrine 

Till 

Till 

Lacustrine 

CEC 

28.2 

29.2 

2S.8 

29.0 

26.7 

27.2 

28.3 

27.0 

26.0 

24.3 

23.2 

26.S 

22.S 

26.0 

2S.4 

27.7 

27.6 

27.6 

26.6 

27.3 

2S.6 

pH 

8.0 

8.1 

7.9 

8.0 

7.9 

7.9 

8.1 

7.8 

7. 7 

8.1 

7.7 

7.8 

7.6 

7.8 

7.9 

7.8 

7.9 

8.1 

7.8 

7.8 

7.9 

Three hundred twelve (312) natural moisture content of each sample 

recovered were determined. The results of these tests are shown on the 

Laboratory Summary Sheet included in Appendix A. 

Twelve (12) carbonate content determinations were performed on 

soil samples from various locations and depths. The results are included 

in Appendix A. 
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SECTION II 

AREA DESCRIPTION 

Location 

The Northern Ohio Treatment Facility site is located in the southwest 

one-half of Section 23, and the north one-half of Section 26, Riley 

Township, Sandusky County, T5N, Rl6E (see Figure 1). The site is 

approximately six miles east of Fremont and three miles north of Clyde. 

Sheets 1 and 2 attached to this report show the latitude and longitude 

of the site on a grid coordinate system. The legal description is given 

in Appendix I. 

Topography 

The regional topography is very flat with a gentle slope to the 

north towards Sandusky Bay (see Figure 1). The flatness is broken only 

by steep-walled streams which flow almost directly north towards Sandusky 

Bay. All of the streams in the area tend to run parallel to each other 

for some distance before converging. 

A detailed map of the site topography is shown on Sheet 1. 

Climate 

The climate of the site and of Sandusky County is classified as 

continental. The area has large annual and daily ranges of temperature. 

Summers are warm and humid with several days having temperatures' exceed _ 

89°F. Winters are cold and cloudy with occasional days having sub-zero 

temperatures. Temperatures in the area of the site have ranged from 'a 

high of 105°F in 1953, to -l6°F in 1963. The mean temperature is 

approximately 50°F. The warmest month of the year is usually July, with 

an average temperature of approximately 74°. The coldest month of the 

- 5 - BOWSER-MORNER 
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year is usually January, with an average temperature of approximately 

Precipitation in the area varies widely from year-to-year; however, 

it is normally abundant and well-distributed throughout the year with 

winter being the driest season. The mean annual precipitation is approx-

imately 30.3 inches. The mean average snowfall is 31.1 inches. On the 

average, there are five days per year with one inch or more of precipi-

tation. The two-year, 24-hour storm is 2.0 inches. The ten-year, 24-

hour storm is 3.7 inches. The 50-year, 24-hour storm is 5.2 inches. 

The 100-year, 24-hour storm is 5.8 inches. 

Surface Hydrology 

The site lies between Raccoon and Little Raccoon creeks (see Figure 

1). Little Raccoon Creek lies about 250 feet east of. the eastern boundary 

of the site. Raccoon Creek lies approximately one-quarter mile west of 

the western boundary. Little Raccoon Creek is a small perennial stream 

that is subject to highly seasonal flow. In fact, the U.S.G.S. map 

shows that the stream becomes an intermittent stream approximately one-

quarter of a mile .upstream from the southeast corner of the sit.e. 

Raccoon Creek is a large perennial stream that originates in Seneca 

County, south of Clyde. Clyde, which is upstream of the site, uses 

Raccoon Creek for water supply and also discharges the final effluent 

from their waste water treatment plant. One spring is known to flow 

into Raccoon Creek. This spring is located in the southeast one-quarter 

of Section 27, Riley Township, and is locally known as "Poorman's Spring." 

The spring is noted for its very high content of sulfate. 

- 7 - BOWSER·MORNER 
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The Chemical Waste Management site proper is bisected by the Charles 

E. Meyer ditch, which ultimately flows into Little Raccoon Creek. 

Sandusky County has been evaiuated by the U.S. Department of Housing 

and Urban Development for flood insurance. The 100-year flood boundaries 

that were determined are shown in Figure 2. As can be seen, no 100-year 

flood plain exists on the Chemical Waste Management site. 

Regional Geology 

General Bedrock Geology 

The site is located on the east flank of the Findlay Arch which 

separates the Michigan and Appalachian basins (see Figure 3). The 

bedrock under the site dips gently in an easterly direction, towards the 

center of the Appalachian basin. Older rocks are found to the west and 

northwest on top of the Findlay Arch, while younger rocks are found to 

the east towards the center of the basin. 

The Findlay Arch, because it was topographically higher than the 

basins on either side, often acted as a barrier to flow between the 

bodies of water contained in the two basins. At various times, depending 

on the regional tectonic activity, the arch was either covered by shallow 

seas ·or was exposed to the air. 

The bedrock under the site consists of the Tymochtee dolomite 

(Sparling, 1970). The Tymochtee is a middle member of the Bass Islands 

Formation which is upper Silurian in age. The Tymochtee is basically a 

dolomite, however, in different areas it contains various amounts of 

shale and the two calcium sulfate evaporite minerals, gypsum (CaSO 
4

• 2H
2

0) 

and anhydrite (Caso
4
). The presence of the large amount of evaporites 

indicates that the rock was deposited under hypersaline conditions with 

restricted flow of water. 

- 8 - BOWSER-MORNER 
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The Tymochtee is underlain by the Greenfield dolomite member of the 

Bass Islands Formation. The Greenfield lacks the evaporites of the 

overlying Tymochtee, however, fossil evidence shows that the Greenfield 

also had salinities higher than normal marine conditions. 

The entire Bass Islands Formation is underlain by the Lockport 

Dolomite, sometimes known as the 11 Guelph11 dolomite, which is a normal 

marine deposit. The entire sequence represents a transition from a 

normal marine environment during the middle Silurian to a hypersaline 

condition in the upper Silurian. 

The bedrock surface is marked by a major valley trending north/south 

through the center of Riley Township (see Figure 4). Although this 

buried valley and the modern Sandusky River parallel each other, their 

stream valleys are unrelated to each other. The east side of the buried 

valley, over which the Chemical Waste Management site is located, is 

relatively steeper than the western side of the valley. The slope, 

however, appears to be uniform without any major feeder valleys. The 

difference in elevation between the bedrock under the site and the 

center of the valley west of the site is about 80 feet. 

In addition to visual descriptions of cores and outcrop by many 

authors, Norris and Fiddler (1971) describe the characteristic differences 

between the Lockport, Greenfield, and Tymochtee formations as shown on 

gamma, self-potential, and Resistivity logs. The logs for the Lockport 

Dolomite are characteristically smooth, reflecting the formation's 

uniform consistency, while the members of the Bass Islands Formation 

have a 11 ragged11 appearance, reflecting their highly variable composition. 
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Geophysical logging of the bore holes for the deep injection wells 

at the site indicates that the Tymochtee is approximately 140 feet thick 

under the site and the underlying Greenfield is approximately 50 feet 

thick. The logs of both of these rock units exhibit the "ragged" appearance 

characteristic of the Bass Islands Formation. The remaining approximately 

400 feet of the logs show the characteristic uniform measurements of the 

Lockport Dolomite. 

General Glacial Geology 

The bedrock surface, as previously described, was altered and 

buried by the advance of the Pleistocene glaciers. Several different 

ice sheets advanced and retreated over the area, but only the youngest 

series of ice sheets, those that grew and retreated during the Wisconsinan 

stage, are recorded in the soil deposits. Figure 5 shows the the surficial 

geology of the area. The site lies along the southern edge of an ice 

lobe that came out of the Lake Erie basin from the north. As the ice 

from this advance retreated, the soil and rock material trapped with in 

the ice was deposited as an unsorted till and also as sorted outwash 

deposits. Sandusky County, as a whole, lies within the ground moraine 

behind the Defiance end moraine·which marks one of the last major· stillstands 

of the ice. As the ice retreated, the meltwaters were dammed between 

the high ground of the Defiance moraine to the south and the ice which 

still existed to the north and the east, forming a series of pro-glacial 

lakes. The existence of these lakes is recorded in the forms of shorelines 

which developed along the margins of the water and the silt and clay 

deposits that were formed in areas of the quiet water. Table 1 lists 

the various lake stages that are recognized in the Sandusky County area 
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Approximate 
Date 

11,850 

13,000 

13,300 

TABLE 1 

ELEVATIONS OF THE GLACIAL GREAT LAKES 
(from Dorr & Eschman, 1970) 

Lake Stage 

Modern Lake Erie 

Kirkfield 

"Early Algonquin" 

Lundy 

Grassmere 

Lowest Warren 

Wayne 

Warren 

Whittlesey 

Lowest Arkona II 

Cary-Port Huron low water stage 

Arkona 

Maumee III 

Maumee II 

Maumee I 

- 15 -

Elevation 
(~eet) 

573 

565 (?) 

605 

620 

640 

675 

660 (brief) 

690-680 

738 

695 

710, 700, 695 

780 

760 

800 

BOWSER-MORNER 
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and their associated elevationse The last major lake to have covered 

the site area was probably Lake Lundy, whose shoreline was at elevation 

620. This lake was probably in existence at about 12,000 years ago. 

Oil and Gas Resources 

Information from the Ohio Geologic Survey indicates that no oil and 

gas wells have been drilled in either sections 23 or 26 of Riley Township 

(see Figure 6). The only deep wells in this area are the injection 

wells at the Chemical Waste Management site. The Ohio Division of 

Geological Survey logs the injection wells are contained in Appendix B. 

The nearest oil or gas well is located some three miles east of the site 

in Section 29 of Townsend Township. This, however, was closed as a dry 

hole. A second well, also dry, was drilled approximately one-half mile 

further to the southeast in Section 33, Townsend Township. A third 

well, also dry, lies approximately four miles northwest of the site in 

Section 8, Riley Township. No other wells exist for at least six miles. 

A map of the oil and gas fields of Ohio (Debrosse and Vohwinkel, 1974) 

does not show any oil or gas fields located under eastern Sandusky 

County. 

General Regional Groundwater 

Regional groundwater flow for the area is north to northwest 

towards Lake Erie (see Figure 7). Studies of the groundwater by Ohio 

DNR (1970); Hoover (1982), and others indicate that the Tymochtee, the 

Greenfield and the Lockport formations are the major sources of groundwater, 

due to their high degree of solutioning and jointing. Very little water 

is available from the glacial overburden, except in areas where a buried 

valley, such as the one previously mentioned, is filled with gravels and 

sands. 

- 16 - BOWSER-MORNER 
Testing Laboratories, Inc. 



K 

s 

8 

17 

N 
20 

29 

32 

L L 

4 3 

9 10 

... ~- -.. 

16 IS 

0 u s 
21 22 

28 27 

...................... - ........ . .... --- .... - ..... - --
~---

"-

-
3 2 

2 

6 s 

s 4 

············ '... ... ··········· +- .... ....... ····· 

II 
10 II 

··•·••···• .•.....•••. ['(11' ... 

~ 
7 8 !2 7 8 9 10 II 

R 
. ... ----:- ...... ---- ............. : .... · ......... -...... -. ·:· ... ... -- ............ ··: ....... , ... -·· .... ·- ··- ....................... : ....... . 

:L 
. . ---- ................... --.:----·· ....... --· ...... ; ............ . 

N s: E w: E T :o 
~--...r.: ......................... ···························· 

13 18 17 1_6 14 13 IS 14 18 17 16 IS 14 

............ ······ ········ ................. . ········ -- ......... ··-·. ··············· .. , ... 

K y 
23 24 19 20 21 22 23 19 20 21 22 23 24 

SITE . '" . H • p. H •• HU •••••••• ••••• -··· ,. HH U. H U H •••• p ••• H ••••••• uH ••• -~{J;;~;;}····· . ······· : ~ ll<l-~ ~ ~.:; .... 
. '"""'""' . 

................ · .... ---······ ..... . ······· ............. ········· 

28 27 26 

2S 
30 

············· ············· 

29 28 

············· ········· 

27 26 2S 30 29 It~ 
E. . 

········· ······ ····················· 
. ... ..... .. ····· ..................... ················ ....................... ..: .......... ···········.····· ········· .... ········· .. ·······-· ··························· 

32 33 34 3S 33 34 3S 36 

4 3 2 

.. ···!--<"····· ...... -............................. . 

i: 
10 II 12 9 

"'- ·~ ~~~~) 
. . . . . . . . . . c. . . ........ .. 

16 IS 14 13 

v 
_;: 

L L E 

31 32 33 34 3S 36 31 

6 s 4 3 2 6 s 4 3 2 

........... 
. .. . .... .. ... . . . . . ... -~-- ......... j-· .......... ······ ..... ·--~---· .. :··· .... ····· (• ............ __ : __ .. . • ..... •\• .. . ......•. 

~ ~ \ : 8 : 9 10 • . . . · . . i"' I MILE...,: LEGEND . ...... ····· .... -:-- . ······ ...... ····~·-···. . . .......................... ;. ~~~~~-~~·.1 
... L .. -¢- DRY HOLE .................. . • ' 

~INJECTION WELL 

················ ····· ·········· 

12 7 II 7 8 9 10 II 

18 17 16 IS 14 13 18 17 16 IS 14 

G R E E N c R E E K y 0 R K 
FIG.6 OIL AND GAS WELL LOCATION MAP 

JOB N0.33767 
OAT£·2-4-83 

-· 17 -
BOWSER-MORNER, INC. 



I 

.RILEY I 
I 

/-

) 

I 
I 
I 

J 

POTENTIOMETRIC SURFACE MAP 

OF THE BEDROCK AQUIFER 
AFTER HOOVER ( 1982 J 

-6/0- GROUND WATER SURFACE 

CONTOUR LINE 

- 18 -

SCALE: /" • 8250' (APPROX.J 
JOB NO. 33767 
DATE: 2-16-83 FIG. 7 

BOWSER-MORNER, INC. 



The recharge area for the groundwater in this area is found to the 

southeast, where the bedrock surface rises to within several feet of the 

ground surface. The recharge area is known for having sinkholes and 

other karstic features that allow surface runoff to easily enter the 

bedrock. The glacial overburden thickens to the northwest and acts as a 

confining layer. Schaefer and Walton (1956) estimate that the groundwater 

flow rate for the region is on the order of less than one foot per year. 

Flowing artesian conditions exist in eastern Riley, northeastern 

Green Creek, and central Townsend townships from the bedrock aquifer. 

This is a result of interplay between the hydraulic gradient, the 

surface topography, and the bedrock topography. The southern boundary 

of the flowing artesian area parallels a bedrock escarpment that runs 

northeast/southwest through Clyde and Castalia. The surface soils are 

draped over the bedrock surface, preserving, to some extent, the abrupt 

change in the slope of the rock surface. The hydraulic gradient does 

not drop as fast as the ground surface, which results in the piezometric 

surface intersecting and rising above the ground surface. This results 

in flowing artesian conditions in wells in this area. It should be 

noted that not all wells in this area are flowing wells, however. This 

is a consequence of very subtle changes in surface topography which 

raise the ground surface above the piezometric surface. No flowing 

wells exist on the site or within 1000 feet of it. There are, however, 

several flowing wells and at least one spring found in close proximity 

outside the 1000-foot boundary. (See Appendix C.) 

General Groundwater Quality 

The existing groundwater contains extreme amounts of sulfate material 

which renders the water practically unusable for human drinking purposes. 
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The source of sulfates is the gypsum and anhydrite in the Bass Islands 

Formation, particularly the Tymochtee dolomite. A study by Sedam and 

Stein (1970) placed the base of the potable water zone at about around 

elevation 600 which, in this area, is essentially the ground surface. 

The water is used locally for agricultural and livestock purposes. Most 

residents of the area, including the Chemical Waste Management facility, 

utilize cisterns for drinking and household use water. 

Background water quality data was obtained from several sources. 

The Ohio Department of Natural Resources, Division of Water published a 

comprehensive study in 1970 of the groundwater in northwest Ohio, including 

Sandusky County. The remaining sources are unpublished reports or 

theses, the most important of which are several studies made for the 

Ohio Turnpike Commission regarding the groundwater quality of service 

plaza No. 5 on Interstate 80, about one mile east of the Chemical Waste 

Management site. The complete data is presented in Appendix D. In 

general, the data shows the following ranges for selected constituents: 

Element 

Iron (Fe) 

Calcium (Ca) 

Magnesium (Mg) 

Sodium (Na) 

Sulfate (so
4

) 

Chloride (Cl) 

Total Solids (TS) 

Total Hardness 

pH 

Range mg/1 

.02 - 19 

109 577 

71 - 177 

7 35 

128 1831 

5 - 46 

340 - 8124 

280 - 3598 

7.0- 7.4 

- 20 -

(not mg/1) 
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The chemical content of the water is highly dependent on the mineral 

content of the rock formation through which the water moves. Sulfate 

content, Total Solids, and Total Hardness values all increase to the 

north/northwest, parallel with the hydraulic gradient. 
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SECTION III 

SITE DESCRIPTION 

Introduction 

Waste recovery and disposal operations at the Northern Ohio Treatment 

Facility site began in 1958 under the name of Dan's Oil Service. The 

site changed ownership and became Ohio Liquid Disposal in 1970. Chemical 

Waste Management, Inc. acquired the site in June, 1978 and is the present 

owner. 

Primary methods of waste handling and disposal have involved temporary 

storage lagoons, storage tanks and processing facilities, and deep well 

injection for ultimate disposal of wastes. The following sections 

discuss the history and construction of the physical facilities and the 

specific hydrogeology of the site. 

Waste Ponds 

The waste ponds were constructed by excavating the clay down to the 

proposed bottom elevation and using the excavated clay to construct the 

containment dikes around the ponds. The dikes range in elevation from 

10 to 20 feet above the original ground surface. The dikes were keyed 

into undisturbed clay and the clay fill was compacted. A two to three 

foot high perimeter dike was similarly constructed in 1979 around the 

north and east perimeter of the site (see sheet 2) with clay excavated 

from the borrow pit located west of Pond No. 12 and east of the Charles 

E. Meyer ditch. The dikes on the site appear to be in good condition 

with no seeps or slumps visible. 

Chemical Waste Management is in the process of phasing out the 

older ponds. The ponds are closed by pumping them as dry as possible 
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and mixing the bottom sludge with sand, clay and lime in a pugmill to 

fill the pit. The fill is covered with clay from the borrow pit and 

graded to drain. 

There are currently four active waste ponds Nos. 5, 7, 11, and 12. 

(See sheet 2.) Pond No. 7 was formerly divided into Pond No. 8 on the 

north and No. 7 on the south. As the dike separating ponds 7 and 8 is 

now submerged, the ponds are considered as one. 

There are seven inactive pOnds, Nos. l, 2, 3, 4, 5, 9, and 10, and 

all but two, Nos. 4 and 9, of them have been closed. Pond No. 4 is 

approximately 25 percent closed and Pond No. 9 is approximately 75 

percent closed. Pond No. 6 was formerly divided into two ponds (6 east 

and 6 west), and was used only to hold water used to wash out the waste 

delivery trucks. 

The dates of construction and closure of the ponds are shown in 

Table 2, Summary of Facility History. 

Liquid Waste Injection Wells 

At the time of this study incoming liquid waste intended for deep 

well disposal was first emptied into Pond 7, where solids were allowed 

to settle out. The liquid was then pumped into Pond 11 for additional 

settling and then into Pond 12. Liquid from Pond 12 is filtered prior 

to injection into the deep wells. 

All the injection wells were constructed in a fashion similar to 

deep well No. l (Ohio Division of Geologic Survey permit No. 210). The 

following is a description of the construction of that well from Norling 

(1972): 
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FACILITY 

Pond 1 
Pond 2 
Pond 3 
Pond 4 
Pond 5 
Pond 6 
Pond 7 
Pond 8 
Pond 9 
Pond 10 
Pond 11 
Pond 12 

Injection Well l ~'o'o\: 

Injection Well lA 
Injection Well 2 
Injection Well 3 
Injection Well 4 
Injection Well 5 
Injection \/ell 6 

Oil Recovery 

Sludge Farm 

TABLE 2 

SUMMARY OF FACILITY HISTORY 

DATE OF 
CONSTRUCTION 

1961 
1962 
1962 
1963 
1968 
1966 
1968 
1968 
1969 
1971 
1973 
1973 

3/72 
9/79 
6/76 
7/76 
7/76 
1981 
11/81 

1977 

1978 

DATE PUT IN 
OPERATION 

1961 
1962 
1962 
1963 
1968 
1966 * 
1968 
1968 
1969 
1971 
1973 
1973 

1976 
1980 
1977 
1977 
1977 
1982 
1982 

1977 

1978 

DATE TAKEN 
OUT OF 

OPERATION 

1979 
1979 
1980 
1982 

1980 

1981 
1982 

1979 

1978 

DATE OF 
CLOSURE 

1979 
1979 
1980 

1980 

1982 

1980 

1978 

'' Pond 6 was split into Pond 6 East and Pond 6 West in 1976. 

** Pond 4 and Pond 9 are scheduled to be closed in the spring of 1983. 

CURRENT STATUS 

Closed 
Closed 
Closed 
25% Closed 
Active 
Closed 
Active 
Combined with #7 
75% Closed 
Closed 
Active 
Active 

Closed 
Active 
Active 
Active 
Active 
Active 
Active 

Active 

Closed 

However, Chemical Waste Management plans to ask for a two-year extension 

on the closing period for Pond 4. 

*** Drillers logs for the injection wells are contained in Appendix B. 
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" ... Examination of the drilling records of this well reveal 

that 8 and 5/8 inch surface casing was set at 642 feet, 38 feet 

below the base of the 'Big Lime' and in Ordovician shales, and 

cemented to the surface. The water-bearing zones in the 'Big 

Lime, 1 from which the groundwater wells are supplied, are cased off 

and protected. The long casing string, 5-l/2 inch, was set at 

2,809 feet, l foot above the Mt. Simon sandstone and in the basal 

portion of the Cambrian carbonate section. Examination of the 

casing cementing records reveals that this casing was cemented to 

the surface. Thus, all strata above the depth of 2,809 feet have 

been cased off, and the 'Big Lime' groundwater-bearing zones have a 

double protection of casing and cement sheaths." 

The procedure that will be used to close abandoned injection wells 

involves the following steps: 

1) the injection zone will be filled with "epseal" grout to a 

point approixmately 50 feet above the injection zone; 

2) a 10 foot cavity will be created above the "epseal" grout by 

blasting; 

3) the cavity and the next approximately 300 feet of the bore 

hole will be filled with a class A cement grout; 

4) the next approximately 2000 feet of the bore hole will be 

filled with drilling mud to a point approximately 100 feet 

below the bottom of the Niagaran Lockport Dolomite ("Big 

Lime"). This will be about 750 feet below the surface; 

5) a second cavity will be blasted above the mud plug; 
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6) the cavity and the next approximately 100 feet of the bore 

hole will be filled with a class A cement grout; 

7) the remaining portion of the bore hole will be filled with 

drilling mud to within 25 feet of the surface; and 

8) the last 25 feet of the bore hole will be filled with cement. 

This is the procedure that was used to close injection well No. 1 

in 1980. 

At the present time there are six active injection wells, Nos. lA, 

2, 3, 4, 4 and 6, on the site. (See sheet 2.) The original test well 

(injection well No. 1) was officially abandoned in 1980. The dates of 

operation of the wells are shown in Table 2, Summary of Facility History. 

Piping 

The liquids contained on-site are piped through schedule 80 PVC. 

(See sheet 2 for locations.) The pipes from ponds 5 to 7, 7 to 11, and 

11 to 12 are above-ground. The pipes from Pond 12 to the filter house, 

as well as the pipes from the filter house to injection wells 3 and 4, 

are underground. The pipes from the filter house to injection wells lA, 

2, 5, and 6 are above-ground. There is also an above-ground pipe from 

the railroad spur north of the oil storage area to Pond 5 for discharging 

waste from railroad cars to Pond 5. This particular pipe segment is 

presently inactive. 

Chemical and Physical Treatment of Waste 

Up until 1980 this facility disposed of cyanide and sulfide wates. 

These wastes were stabilized by oxidation with the application of 

hydrogen peroxide at a treatment facility formerly located between Pond 

6 east and Pond 6 west in the middle of the site. (See sheet 2.) In 
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the same time period and at the same location a lime slurry was also 

used to stabilize wastes before they were discharged from the trucks 

into the ponds. 

The facility presently disposes of organic and inorganic acids and 

caustics used for metal processing and cleaning. There are no forms of 

chemical treatment presently in use. 

The liquid waste is filtered at the filter house north of Pond 11 

prior to injection. Rapid sand filters used in the past have been 

replaced with a diatemaceous earth filtration system. 

Oil Recovery Facility 

The oil recovery facility on the eastern side of the site is used 

to recover No. 5 fuel oil for resale from used machinery oils, hydraulic 

oils, water soluble oils, motor oils, rolling mill stock oils, etc. 

Relatively clean used oils are transferred directly from the trucks to 

the oil storage tanks west of Pond 7. Oil is also skimmed from the 

ponds either periodically by three inch pumps, or in the case of Pond 5, 

continuously by a rope skimmer and transferred to the oil storage tanks. 

The oil in the storage tanks is periodically trucked to the on-site oil 

recovery facility for processing. 

Sludge Farm 

Oily sludges were incorporated into the clay for a biological 

degradation experiment in the sludge farm area north of ponds 11 and 12 

in 1978. The project was not successful and was abandoned after two 

months. The clay and oily sludge were excavated and transferred to the 

waste ponds. 

Site Access 

Access to the site is presently by road from State Route 412 and 
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State Route 510. Wastes were also delivered to the site by railroad 

between 1975 and 1981. The rail line has since been abandoned. All 

wastes are presently delivered in tankers of various sizes. On-site 

access roads are gravel except for the paved entrance and parking areas 

near the laboratory building. 

Laboratory Analyses 

Chemical Waste Management has had on-site laboratory testing 

facilities since 1974. The laboratory is used for both waste analysis 

and ground and surface water quality monitoring. Incoming wastes are 

tested for compatibility and to ensure only licensed wastes are accepted. 

Groundwater samples are tested bi-weekly, and surface water samples are 

tested monthly for detection of contaminants escaping from the site. 

Results of the water quality testing program are submitted monthly to 

the Ohio EPA and the Sandusky County Health Department. 

Groundwater Monitoring Wells 

A groundwater monitoring program was begun by the Ohio EPA in 1972. 

This initial monitoring program made use of two on-site wells and two 

neighboring wells. These wells are presently identified as Chemical 

Waste Management monitoring wells number 4 (OEPA #1), 5 (OEPA #2), 8 

(OEPA l/3), and OEPA No. 5. Specific details of each well are given in 

Table 3 and their locations are shown on Sheet 2. In 1974 the monitoring 

well system was revised when Chemical Waste Management established an 

on-site testing laboratory. Also, Chemical Waste Management began 

monitoring wells number 4 (OEPA Ill) and 5 (OEPA 1/5) and added OEPA 1/4. 

In 1975 the OEPA added OEPA 1/6 to the system. 
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TABLE 3 

MONITOR WELL CONSTRUCTION SutlliARY 

ODNH ~tc,1n Se.1 Level ~~lev. 

CW~\ DU'fl lle p til Year Log 1983 Survey 

No. ~0. (fcc t) ---~~-C>~sin)' _____ Drilled Ch~! Dnte.'i S;1mplcd D<1tc t\bilndoncd Number TOC TOG Remd rks 

)" galvonl~cd steel 1978 !·/79 - 6/79 6/79 - Ftlled 606.33 606.2 

with cement 

lN 200 6" rvc cnsed to 60' 1979 7/79 - rrcscnt -- 551,277 609.17 607,4 

1,\ -- 18. 5 6" PVC perforated 1979 6 ~lonths 1980 609.95 608.1. 

150 4" r,alvanizcd steel 1976 2/76 - present 

Gap 12/80-6/81 Buried under drive Used for washing trucks 

3'' galvanized steel 1976 6/76 - 9/76 6/79 - Filled 
with cement -- 605'. 76 601'..8 

N JN -- 50 6" PVC cased to 48' 1979 7/79 - present -- 5St.276 606. 7 5 605.3 
co 

3A -- l4'orl8'? 4'' PVC perforated 1976 4/76 - present -- -- 606.37 604.7 

Gap l/82-3/82 

55 6" galvanized steel 1972 CWN 8/74-6/79 June, 1979 425054 609.43 608.2 Hand pump 

OEPA '72-6/79 

4' 1 so 6" PVC cased to 48' 1979 Cl.[l-1 7 /79-present -- 554271., 608.81., 608.0 

OEPA 7/79-present 

s 2 56'or5l'? 4" galvanized steel Unknown Cl.ft1 7/74-present -- -- Location Uncertain Lab ~.·ell 

cased to 50' OEPA '72-present 

6 -- -- 3" galvanized steel 1976 4/76 - 6/79 6/79 - Filled -- 609.36 608.4 

with cement 

.-lOl 

"' 0 

~"" 
6N -- so 6" PVC cased to 46' 1979 7/79 - present -- 554273 610.65 608.5 

~· "' 
" ('l 6A -- l2'orl8'? 4" PVC perforated 1976 4/76 - l/81 608.67 608.67 Ho~er broke casing off 1982 

[1Q ;Q 
r· Cap 12/76-2/77 

" 3: cr" 0 6" to 45.5' 1979 7/79 - present 554275 610.26 608. l 
Q ;Q 7 -- 55 PVC cased --

" z 0 ('l 8 l 50 4" galvanized steel 1979 C\.fM 9/79-present -- 405085 612.88 611.8 Eckhart home e;:'tp~y since 1981 

~. ~ cased to 47' OEPA '72-present 

"' "' 
5' 
() 



w 
0 

>-iOl 
(I> 0 
"' .;; ::-. (/) 

" C'1 
"" ::0 r""• "' ;.:: cro 
0 ::0 
lil :z: 
ot'l 
::!. ~ 
(I> 

"' 
5' 
" 

Table 3 continued -

4 54 4" galvanized steel 
cased to 44.5' 

5 77 Galvanized steel 

6 56 4 1/4" cased to 43.5' 

11 -- 60 6" PVC cased to 47.5' 

12 -- 65 611 PVC cased to 47' 

13 -- 60 6" PVC cased to 48' 

Pump -- 75 6" PVC cased to 48' 
house !,l'ell 

LEGEND 

CWM Chemical t.'aste Hanagement 

OEPA - Ohio Environmental Protection Agency 

TOC Top of Casing 

TOG - Top of Ground 

1957 OEPA '74-'80 199085 -- 605~ Emery house 

Unknown OEPA '72-'74 1974, pump -- 6os:!: Hand pump 
broke 

1956 OEPA '75-'79 1979 182754 -- 610:!: Gertensberger home 

1981 1/82-present 602224 609.79 608,4 

1981 1/82-present 602225 608.38 606.1 

1981 1/82-present 602222 605.27 603.7 

1981 602223 606.43 604.7 Not a monitor well 

Water Consumption For On-Site Wells 

Pump house well - Approximate usage - 50 gal/month 
Flow test rate - 10 gpm 

Well No, lN - Approximately 4000 to 5000 gal/month 
Flow test rate - 10 gpm 

Well No. 2 - Approximately 2000 to 20,000 gal/month 
Flow test rate - 275 gpm 



In 1976 the monitoring program underwent a major expansion when 

Chemical Waste Hanagement added monitoring wells number 2, 3, 3A, 6 and 

6A. Well No. 3, however, was monitored for only three months in 1976. 

Another expansion occurred in 1978 when No. 3 was returned to the 

program as an active monitoring well and "tvell No. 1 was added. 

In 1979 another major revision occurred when it was decided to 

replace the steel-cased monitor wells with PVC-cased wells. Well 

numbered 1, 3, 4, and 6 were abandoned and replaced by lN, 3N, 4N and 

6N. A fifth well, number 7, was also drilled at this time. Conversations 

with the well driller who installed the new wells indicates that they 

were constructed in following manner: 

Step l: an approximately 8 inch diameter open hole was drilled to 

rock; 

Step 2: a 6 inch PVC casing was installed in the hole by fusing 

20-foot sections together, and 

Step 3: the drill stem was then lowered through the PVC casing 

and the rock portion of the well was drilled through the 

PVC casing. The rock cuttings from the drilling operation 

were flushed to the surface through the inside of the PVC 

casing and allowed to gravity-settle into the annular 

space outside the PVC casing. No bentonite was used, nor 

were any screens installed. 

A shallow monitoring well, lA, was also installed but abandoned six 

months later. Chemical Waste Management also began monitoring well 

No. 8 (OEPA l/3). The Ohio EPA discontinued monitoring OEPA 1/6 during 

this same year. 
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The most recent expansion of the program occurred in 1981 when 

three new monitoring wells (Nos. 11, 12 and 13), and supply well, were 

installed in the north expansion area. 

At the present time Chemical Waste Management regularly monitors 

wells lN, 2, 3N, 4N, 5, 6N, 7 and 8. The OEPA monitors 4N (OEPA Ill), 5 

(OEPA 1/2), and 8 (OEPA 113) on a sporadic basis. 

Site Drainage 

All surface water around the ponds and the processing facilities is 

contained by perimeter dikes as shown on sheet 9. Water ponds on the 

site in many areas. The runoff from the main site area drains to a 

storm water retention ditch south of the railroad where it is retained 

by a sluice gate. This retained water is discharged to the Charles E. 

Meyer ditch through a sluice gate once or twice a year after quality 

testing and approval by OEPA. Water retained by the containment dikes 

north of the railroad tracks around injection wells 5 and 6, is allowed 

to pond and evaporate. 

Drainage outside of the perimeter diked area flows into Little 

Raccoon Creek via the roadside ditches along State Route 510, or into 

the Charles E. Meyer ditch. Surface runoff in the extreme northwest 

corner of the property enters Raccoon Creek via the roadside ditches for 

Interstate 80. 

The Charles E. Meyer ditch was apparently relocated when ponds 11 

and 12 were constructed. The original alignment appears to have been 

through part of the area that is now Pond 12. There is a sluice gate, 

which is normally open, located on the Charles E. Meyer ditch where it 

leaves the site at the northern boundary and crosses under the Ohio 

Turnpike. This gate can be shut, preventing water from leaving the site 

and entering Little Raccoon Creek. 
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Site Bedrock Geology 

Bedrock at the site is composed of the Tymochtee dolomite. The 

Tymochtee is found from 40 to 50 feet below the surface at elevations 

ranging from 552 to 576 feet (see Figure 8). The boring information 

indicates that the bedrock topography is somewhat variable, although for 

the most part it is sloping gently towards the north. In the rock 

surface there is an apparent small valley or, perhaps more properly, a 

gully running approximately north/south through the center of the site. 

It has a maximum depth of about ten feet. Detailed rock core logs have 

been prepared and are included with the soil boring logs in Appendix A. 

Seven rock cores were taken ranging in length from 10 to 80 feet. In 

general, the Tymochtee here is a mixture of shale, dolomite, gypsum, and 

anhydrite. The variability of the rock type makes it difficult to 

correlate strata from one boring to the next, however, it appears that 

black shale appears below elevation 550 feet in all cores except No. 5. 

This black shale is interbedded with gypsum layers of varying thickness. 

The dolomite that is present is very shaley and also contains gypsum. 

Gypsum occurs in all possible forms under this site. Its dehydrated 

form (anhydrite) is also present in some rock cores. The gypsum is 

found as crystals lining open voids, veins that both parallel and 

crosscut bedding as massive white or gray units, and as very small brown 

crystalline spheres. These brown spheres were found only in the deepest 

boring, No. 17, at or below elevation 510 feet. 

Solutioning is evident in all of the cores, however, none of the 

borings encountered any large cavities or caverns. Most open voids are 
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between one-quarter and one-half inch in maximum observable dimensions. 

These open voids are most common below elevation 560. In addition to 

open voids, bedding planes appeared to have offered easy avenues for 

solutioning, as zones containing much weathered shale but no gypsum were 

common. These weathered zones were on the order of one-half foot to one 

foot in thickness. It is apparent that groundwater is moving along 

fractures and joints within the rock. The groundwater flmv has probably 

dissolved out much of the gypsum along these fractures and is continuing 

to do so. 

Glacial Geology 

The glacial geology of the Chemical Waste Management site is 

relatively simple. Only two types of deposits are found. These deposits 

were profiled on sheets 3-5. At the surface is a silty clay or clayey 

silt lacustrine deposit, approximately 10 to 20 feet thick. The lacustrine 

material is everywhere underlain by glacial till approximately 30 feet 

thick, which lies directly on top the bedrock. These two basic soil 

deposits, the lacustrine material and the glacial till, can be subdivided 

further. 

The till unit actually consists of tvm separate tills; a thin (zero 

to 10 feet thick) lowermost unit consisting of material derived from the 

bedrock, and a thick clay-rich upper unit. The lower till contains 

considerable amounts of sand and gravel sized clasts, many of which are 

composed of soft weathered gypsum. This lowermost unit is not found 

everywhere across the site. It represents an early glaciation and 

apparently was partially eroded away by a subsequent glacial readvance. 

The remaining upper till deposit consists of a silty clay with some 

sand and traces of gravel. The average sample consists of 42 percent 
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clay, 30 percent silt, 24 percent sand, and 4 percent gravel. Permeabilities 

are in the range of 1 
-8 9 

x 10 and 1 x 10- . The material was derived 

from lacustrine silts and clays that had been deposited in a preglacial 

lake during a previous retreat of the glacial ice. The upper surface of 

this silty clay till was probably rather undulatory with a relief of 

probably five to 20 feet. The upper few feet of the till material, 

although texturally identical to the lower portion, appears to be slightly 

different structurally in that there is a suggestion of lacustrine 

lamination. This agrees with Forsyth's (1965) description of water 

modified till which she noted in several places in northern Ohio, 

sandwiched between a till and overlying lacustrine material. The water 

modified till consists of till material that was deposited into or 

through water and, therefore, can contain some of the characteristics of 

a lacustrine deposit. Transport distances, however, would be very 

short, as shown by the lack of sorting. 

The lacustrine material overlying the till material can also be 

subdivided into two portions. The lower approximately five feet contains 

some fine sand and silt layers alternating with clay layers, however, 

even the fine sand and silt layers contain considerable amounts of clay. 

The thicknesses range from very thin up to one-half inch. A composite 

grain-size analysis of a sample from this unit has a composition of 3 

percent sand, 55 percent silt, and 42 percent clay. The same sample 

-8 
also had a horizontal permeability of 8.6 x 10 cm./sec. Other samples 

from this unit may contain better sorted fine sand and silt layers and, 

therefore, would have higher permeabilities. Some of these layers are 

brown rather than gray, indicating oxidation has occurred sometime 

during the postdepositional history of the soil. 
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This lower stratified portion is not found everywhere across the 

site, however appears somewhat continuously over the active portion of 

the site where the lagoons are located. It most probably represents a 

time period shortly after de-glaciation when the proglacial lake was 

first formed in front of the ice. The varve-like lamina may be caused 

by seasonal fluctuations in sediment input from the nearby melting ice~ 

or may represent periodic but not seasonal influxes. 

The remaining upper lacustrine material consists of an average of 

49 percent clay, 46 percent silt, and 5 percent sand. The percentages 

of any individual sample, however, can vary by as much as 15 percent 

from the average. A few samples even contain a few percent gravel. The 

material is very homogeneous with almost no indication of fine sand or 

silt layers present, although most samples are laminated along bedding 

planes. 

-8 -9 
Vertical permeabilities are on the order of 1 x 10 and 1 x 10 

cm./sec. Horizontal permeabilities are expected to be similar because 

of the high clay content and the lack of well-sorted sand lamina. The 

single low horizontal permeability on material that is expected to have 

a higher permeability would also support this. The deposit was laid 

down in relatively quiet water some distance from the ice front. The 

small amounts of gravel present may have been rafted in on melting 

icebergs. 

Surface Soils 

The surface soils on the site consist of the Del Ray and Lenawee 

series (see Figure 9). Both soils formed in lacustrine deposits. The 

Lenawee series contains more clay than the Del Ray series, otherwise 
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Figure 9 (continued) 

SOIL DESCRIPTION (USDA Unpublished) 

Bixler loamy fine sand 2 - 6% slopes 

The Bixler series consists of deep, somewhat poorly drained 
two-story soils developed on outwash plains, beach ridges 
and deltas. Bixler soils formed in sandy and loamy material 
20 to 35 inches thick over stratified lacustrine silty 
loan. Permeability is rapid in the sandy material and 
moderate in the lower part. 

Colwood fine sandy loam 

The Colwood series consists of deep, very poorly drained 
soils formed in stratified loamy and sandy material in 
areas of former lake beds. Permeability is moderate. 

Del Ray silt loam 0 - 2% slopes 

The Del Ray series consists of deep, somewhat poorly drained 
soils oil outwash plains and deltas in areas of former lake 
beds. Del Ray soils formed in silty clay loam and silty 
clay lacustrine material underlain by stratified silt 
loam and silty clay loam at a depth of 34 to 60 inches. 
Permeability is slow. The Del Ray series is distinguished 
from the Lenawee series by a lighter surface layer and a 
lesser amount of clay. 

Fulton silty clay loam 0 - 2% slopes 

The Fultort series consists of deep somewhat poorly drained 
soils that formed in clayey lake-laid sediment on lake 
plains and deltas. Permeability is very slow. 

Glenford silt loam 2 - 6% slopes 

The Glenford series consists of moderately well drained 
soils on lake plains, terraces, and outwash plains. 
Glenford soils formed in silt loam and silty clay loam 
lacustrine material. Permeability is moderately slow. 

Glynwood silt loam 2 - 6% slopes 

The Glynwood series consists of moderately well drained 
soils on till areas of lake plains. Glynwood soils formed 
in silt and silty clay loams. In some areas the subsoil 
contains more sand and gravel and is better drained. 
Permeability is slow. 
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Haskins silt loam 

The Haskins series consists of deep, somewhat poorly drained 
two-story soils on outwash plains, terraces, and beach 
ridges. Haskins soils formed in loamy material 20 to 40 
inches thick over fine-textured till or lacustrine material. 

Permeability is moderate in the loamy material and slow or 
very slow in the underlying material. 

Hoytville silty clay loam 

The Hoytville series consists of deep, very poorly drained 
soils on till plains in areas of former lake beds. The 
upper portion of the soil has been modified by water action. 

Kibbe fine sandy loam 0 - 2% slopes 

The Kibbe series consists of somewhat poorly drained soils 
that formed in lake-laid silt and fine sand. The soil 
becomes stratified at a depth of 40 to 60 inches. 
Permeability is moderate. 

Lenawee silty clay loam 

The Lenawee series consists of deep, very poorly drained 
soils on outwash plains and deltas. Lenawee soils formed 
in silty clay and silty clay loam material underlain by 
stratified silt loam and silty clay loam at a depth of 
40 to 60 inches. Permeability is moderately slow. The 
Lenawee series is distinguished from the Del Ray series 
by a darker surface layer and a greater amount of clay. 

Lucas silty clay 2 - 6% slopes 

The Lucas series consists of deep, well or moderately 
drained soils on lake plains. Lucas soils formed in silty 
clay and silty clay loam. Permeability is slow or very 
slow. 

Nappanee silt loam 

The Nappanee series consists of deep, sor!lewhat poorly 
drained ~oils on tili.piains in areas of -former lake beds. 
Nappanee soils formed in calcareous glacial till whose 
upper part was modified by water action. Permeability 
is very slow. 
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Shoals silt loam, occasionally flooded 

The Shoals series consists of deep, somewhat poorly drained 
soils that formed in loamy alluvium on flood plains. Per
meability is moderate. 

Toledo silty clay 0 - 2% slopes 

The Toledo series consists of deep, very poorly drained 
soils that formed in clayey lake-laid sediment on lake 

plains and deltas. Permeability is slow. 
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they are very similar. Both contain stratified silts and clays in their 

lower portions, as was shown by the borings. 

Post Glacial History 

The last of the great preglacial lakes that covered the Chemical 

Waste Management site area was Lake Lundy whose shorelines occur at 

approximate elevation 620 feet. The Lake Lundy shoreline is suggested 

by a strip of Kibbe and Haskins sand loams and silt loams, as shown on 

the soils map, approximately one-half mile south of the Chemical Waste 

Management site. A more marked set of shorelines, the various Warren 

beaches, occupy the ridge that passes through Clyde approximately four 

miles to the south. The Warren Beach here is actually a series of 

beaches, the oldest of which occur between elevation 680 and 690, and 

the youngest is at elevation 675 feet. These have been dated by Forsyth 

(1961) to approximately 10,000 years ago. 

Subsequent to the melting of the glacial ice, the water level 

gradually receded to the present shoreline now occupied by modern Lake 

Erie. Postglacial developments included the development of dune deposits, 

the incising of the surface by postglacial streams, and the revegetation 

and reinhabitation of the area by flora and fauna. A collection of 

mammalian bones from a sand deposit in Washington Township, approximately 

10 miles west of the Chemical Waste Management site, indicates that 

among the animals present after the retreat of the ice were peccaries 

(Platygonus compressus) and horses (Equus sp.). The sand dune in which 

the bones were found belonged to the Lake Warren shoreline, however the 

bones were dated at approximately 4290 ~ 250 years. This probably 

indicates that the dunes were active for approximately 5000 years after 

their original formation. 
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Site Groundwater 

The behavior of the aquifer was investigated from several different 

aspects including pump tests and readings of the static water level. 

The purpose of running a pump test at the site was to determine general 

aquifer characteristics. The well selected for the pump test was the 

pump house well located north of the railroad tracks. This well was 75 

feet deep (approximately 25 feet into rock), and has a 6 inch PVC 

casing. Piezometer 10 was installed within 30 feet of the well for use 

as an observation well in the pump test. The piezometer penetrated the 

top 10 feet of the bedrock aquifer. 

On December 9, 1982, a hydrogeologist and a technician from BOWSER-

MORNER performed a pump test. Water levels were measured in both the 

pumping well and observation well using electric tapes. Static levels 

were measured prior to starting the pump. Subsequent measurements were 

recorded at gradually increasing time intervals. Discharge measurements 

were made periodically using a 55 gallon drum and timing the rate for 

filling the drum. The recorded data can be seen on the pump test data 

sheets in Appendix E. 

The water within the bedrock dolomite aquifer is transmitted via 

secondary porosity avenues such as open joints and bedding planes. 

Typical aquifer analyses techniqu-es, derived for unconsolidated deposits, 

were not applicable when applied to this data. Both the Theis and 

Jacobs Methods failed because the data did not respond in a general 

manner typical of intergranular porosity aquifers. The data, when 

plotted on log rhythmic scales, is bimodal. 

Due to the complexity of the data obtained, a computer program was 

used for determining the transmissivity and storage coefficient of the 

upper portion of the bedrock. The program used was "Pumping Test Analyses 
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with a Hand-Held Calculator" by Frank A. Rayner. This program takes 

into consideration data plots where drawdown data will not plot as a 

straight line on semi-log paper. 

The results of the pump test analysis utilizing the Rayner method 

2 
give a value for transmissivity of T = 2,838 gpd/ft and a storage 

coefficient of 4.05 x 10-
3 . A storage coefficient with a magnitude of 

the one determined in this study is typical of a confined aquifer such 

as is present under the site. The overlying glacial till is the confining 

strata. 

Given a transmissivity ofT= 2,838 gpd/fc
2

, the permeability can 

be estimated. Although the aquifer was only partially penetrated by the 

pumping well, the test yielded data on the near-surface part of the 

unit, which is the most permeable portion of the upper 50 to 100 feet of 

this unit. Using a penetration of 25 feet, the permeability can be 

estimated using the equation: 

T 

m 

2 
= K = 113.5 gpd/ft 

where T 2,838 gpd/ft 

m = 25 feet 

Analyses of available well information and static water level 

readings were used to determine the groundwater flow direction at the 

site9 Static water level elevations were measured on February 3, 1983 

in all the monitor wells and piezometers at the site. These values were 

used in contouring the static water level in the areas shown on Figure 10. 

The contour pumping map shows a cone of depression at the site centered 

around the most active pumping wells. Wells lN and 2 are water supply 
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wells using 6000 to 25,000 gallons per month. Their primary use is for 

cleaning trucks. Well 5 is the water supply well for the office building 

and may also contribute to drawdown~ Groundwater flow in this local 

area then appears to be toward the pumping wells. The hydraulic gradient 

from piezometer 5 to Well 8 (maximum drop at the site) is 0.0014 ft/ft. 

Note that a similar drawdown pattern was observed in another set of 

water readings taken during this study. 

The regional groundwater flow direction has been delineated by 

Hoover (1982) (see Figure 7). His computer map of the potentiometric 

surface for the carbonate aquifer indicates a regional flow direction in 

the site area slightly west of due north. A hydraulic gradient can be 

estimated from this map as 0.0016 ft/ft. 

The measured hydraulic gradient was very similar so the maximum 

gradient of 0.0016 ft/ft and was used in calculating the flow rate. The 

flow rate was calculated using Darcy's Law which states: 

Q KAi 

where Q flow rate, 

A cross-sectional area of the porous medium 

i hydraulic gradient 

K coefficient of permeability. 

All flow across the site was assumed to be through the carbonate aquifer. 

For the cross-sectional area A we used a width of 2,800 feet across the 

site by 25 feet thickness of the uppermost porous part of the aquifer 

2 
most likely affected by surface events, to get A = 70,000 ft. . The 

hydraulic gradient has previously been discussed and the. value used was 

i = 0.0016 ft/ft. The coefficient of permeability has been estimated 
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2 
previously to be K = 113.5 gpd/ft. Placing these values in the equation 

for flow rate we get: 

Q = 113.5 X 70,000 X 0.0016 = 12,700 gpd 

Using a variation of Darcy's Law to determine the flow velocity we 

find: 

v Ki 

where K 5.0 x 10-
4 em/sec 

8.0 x 10-7 em/sec v 

or 25.2 em/year (approximately 10 inches/year). 

The calculated flow velocity compares favorably with the previously 

referenced estimate of less than 12 inches per year made by Schaefer and 

Walton (1956). 

Based on calculations of flow rate and velocity, it can be seen 

that lateral water movement in the site area is fairly slow. The apparent 

cone of depression in the water level which exists at the site indicates 

that most of the water in the upper part of the carbonate aquifer will 

remain within the site area and flow toward the pumping wells. 

The pumping test documented above was only intended to be a super-

ficial examination of the aquifer characteristics. The data, however, 

seems to fit with regional studies. Definition of the onsite groundwater 

levels are based on two sets (only one reported above) of water level 

data taken on each monitoring well within a few hours time. Even though 

both sets of data indicate a cone of depression, the effect may be 

temporary. Additional studies are needed to better define the aquifer 

characteristics and flow directions. 
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SECTION IV 

DATA ANALYSIS 

Analysis of Surface Water Quality Data 

Chemical Waste Management has surface water quality data beginning 

in 1975 and continuing to the present. Monitoring points have been 

established on Raccoon and Little Raccoon creeks (both upstream and 

downstream), as well as the Charles E. Meyer ditch. The monitoring 

points are shown on Figure 11. These points are sampled monthly and 

tested for pH, suspended solids (SS), total solids (TS), COD, oil and 

gas, phenols, chlorides, sulfates, iron, chrome, zinc nickel, cadmium, 

and conductivity. In addition, the pond water contained in the borrow 

pit on the west side of the site is sampled periodically. 

The information was inspected to determine if there were significant 

increases in indicator chemical parameters over the period of the monitoring 

record, to detect any seasonal variations, and to evaluate relative 

changes in concentrations of indicator chemicals between monitoring 

points in order to determine if the water quality had been affected by 

the site. 

A regression analysis of chlorides data since 1975 at sampling 

points on Raccoon and Little Raccoon creeks indicated that the chlorides 

concentrations were always below 100 mg/1 and showed virtually no significant 

variation in concentration trend over the period of record. 

Analysis of Groundwater Quality Data 

Introduction 

Groundwater data from analysis by Chemical Waste Management dates 

back to 1974, however, not all of the present monitoring wells were 
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installed at that date. For example, the most recently installed wells 

have only one year of record. The data available was analyzed statis-

tically to determine if 1) there have been significant increases in 

indicator chemical parameters over the period of the monitoring record, 

2) to detect any seasonal variations, and 3) to evaluate relative 

changes in concentrations of indicator chemicals between monitoring 

wells in order to determine if the subsurface aquifer has been affected 

by this site. 

The monitoring wells which were used in the statistical analysis 

are lN, 2, 3N, 4N, 5, 6N, 7, 12, and 13. These wells were selected 

either because of the length of monitoring record available or because 

they are the newer wells (denoted by the "N") which replaced older wells 

and are believed to have more representative data. A regression analysis 

was done for indicator parameters in those wells that had at least four 

years of consistently collected data, in order to see if there were any 

significant trends. It should be noted that the period of record used 

for the regression analysis was still quite short (approximately one to 

four years), except in the case of wells 2 and 5 (approximately six to 

eight years). 

The data available for all wells was entered into the IBM statis-

tical computer model. Means, standard deviations and variances were 

determined for each chemical parameter for the total period for each 

year of record, and seasonally for each year of complete record (the 

seasons selected were January through March, April through June, July 

through September, and October through December). 
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Selection of Chemical Indicators 

A number of chemical indicators were analyzed during the period of 

monitoring at the Chemical Waste Management site, but not all were 

suitable for use in the statistical analysis. Some indicators, par-

ticularly the metals, were recorded in terms of "less than" some value, 

apparently because of a restriction in the capability of the laboratory 

equipment to measure lower conce-ntrations. Other parameters, such as 

solids and chemical oxyg~n demand, are more suited to evaluation of 

surface waters and in the case of total or suspended solids in particular, 

changes in those values would not normally be expected to be caused by 

the waste disposal ponds unless other chemical indicator values were 

also quite high and total failure of the pond and overburden system had 

occurred. 

For these reasons, the following indicators were selected for use 

in the statistical analysis: pH, phenols, sulfates, chlorides, zinc, and 

chrome. The pH was of questionable use as an indicator because of the 

high buffering capacity of the underlying rock strata but was evaluated 

nevertheless because of the extremely low pH levels present in the 

disposal ponds. Chrome and zinc were selected since there were a 

number of groundwater data readings reporting true concentrations rather 

than something that was "less than" a limiting concentration, although 

this was not always true in the case of chrome. 

Phenols were selected because there are high quantities of phenols 

present in the settling ponds. The use of phenols as an indicator of 

well contamination from the settling ponds is somewhat questionable, 

however, because of the short period of record available. Additionally, 
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some of the chemical analysis data on phenol contains unreconcilable 

discrepancies which made this data unusable for parts of the analysis. 

Sulfates and chlorides were selected because of the long period of 

record available from the well monitoring data and because there is also 

a long period of record for these two parameters available from background 

information on the groundwater. Furthermore, chlorides are considered 

to be perhaps the best indicator of any pollution problems at any site. 

Although not necessarily objectionable by themselves, chlorides are a 

highly mobile ion, even in fairly impermeable materials, and since they 

are present in very high concentrations in the disposal ponds, they may 

provide an indication of whether or not there is movement of chemical 

constituents from the ponds into the surrounding substrata. 

Description of Statistical Analyses 

The annual means and standard deviations were computed for each 

well and parameter. Detailed computer printout sheets of the full 

statistical analysis performed are attached as Appendix F. A summary of 

annual means and standard deviations for 1979 and 1982 for the selected 

indicator parameters is shown in Table 4. These are the earliest and 

most recent years during which there was monitoring of all parameters in 

all wells. 

Linear regression analysis was used to analyze the selected parameters. 

The annual means for each year of record were used. The results of this 

analysis is shown in Table 5. The correlation coefficients are given as 

well as the slope of the regression line. The closer the correlation 

+ 
coefficient is to - 1.0, the more distinct the trend exhibited by the 

data. A low correlation coefficient, generally less than 0.5, usually 
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TABLE 5 

SUMMARY OF REGRESSION ANALYSIS 

CHEMICAL P A R A M E T E R S 

pH ~·( CHLORIDES SULFATES ZINC 
\Jell 
No. m r m r m r m r 
--
2 -0.003 -0.07 30.5 0.81 -0.14 -0.03 -0.12 -0.70 

5 -0.006 -0.23 -0.65 -0.19 3. 96 0.25 -0.03 -0.84 

lN -0.025 -0.71 377 0. 92 -25 -0. 7l 0.01 0.67 

3N 0.012 0.47 -23.7 -0.15 -48 -0.64 0.0035 0. 7l 

4N 0.116 0. 68 -134 -0.73 475 0. 90 0.012 0.93 

6N -0.051 -0.59 93 0.93 4 0. 48 0.0056 0.87 

7 0.009 o. 77 -37 -0.77 -14 -0.57 0.005 0.97 

m = slope of regression line in mg/1iter/year of record 

r = correlation coefficient 

'' Not mg/1 

CHROMIUM 

m r 

-0.003 -0.80 

-0.002 -0.74 

-0.001 -0.90 

-0.003 -0.93 

-0.003 -0.92 

-0.002 -0. 92 

-0.003 -0.88 



means that there is little trend evident from the available data. This 

can mean either that there is no significant change through time or that 

the data is so widely scattered, or over so short a period of record, 

that any possible trends are not evident. A low correlation coefficient 

may be the result of the number of significant figures supplied to the 

computer. A good case inpoint is the pH data. If the pH data is rounded 

to only one decimal place, the correlation coefficient will tend to 

converge on 1.0. The analysis, however, was run with three decimal 

places and a poor correlation was obtained. Note the very small slope 

of most of the correlations. 

In addition to the straight-forward statistical analysis mentioned 

above, the data was also inspected for other significant features. It 

was noted that sodium and chlorides during 1982 showed a significant 

correlation when plotted together. Sodium was only recently added to 

the parameter list and therefore could not be compared further back in 

time. The values for both sodium and chlorides in well lN changed at 

the same time and in the same proportions throughout the 1982 period of 

record. Furthermore, the proportion between Na+ and Cl- was close 

enough to that of sodium chloride. (salt) to raise some questions about 

the source of high chloride concentrations which exist in most wells. 

Because of this apparent connection between these ions, which are 

normally associated with one another in nature, similar plots were made 

of sodium and chloride concentrations in the other wells. The correlation 

between the two ions did appear to be present in the other wells although 

in varying degrees. Complete plots of the chloride levels in all wells 

for the period of record are shown on sheets 6 through 8. 
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versus chloride plots are not included. Further study of this relation 

is indicated, however. 

The seasonal values developed for the grouped data did not detect 

seasonal variations. The static water level data for well No. 7 was 

plotted against time and did, however, exhibit cyclic seasonal variations, 

generally rising to a peak in February and March and falling during 

drier periods (August and September). The plot of chloride concen-

trations in well No. 7 for the same period (1979-1981) showed occasional 

isolated peaks but no correlation with a seasonal cycle. 

Results of Statistical Analysis 

For the selected parameters, analysis has been performed as indicated 

above. The results are reported below in terms of changes in concentrations 

of constituents within a given well over time. Also, absolute values of 

parameters for the wells are compared to background water quality values. 

a. 

The pH levels were found to remain fairly constant in any given 

well and were at all times in the generally neutral range without any 

undue low readings or unusually high valueso The lowest annual mean was 

6.8 and the highest about 8. This is to be expected because of the high 

buffering capacity provided by the dolomite in the rock. Most of the 

means are well within the background pH levels of the historical data. 

As indicated previously, the regression analysis showed poor correlation, 

however, the slope (m) was very small. The data suggests no effects as 

related to the site. 

b. Sulfates 

Sulfates showed little significant change over time in any particular 
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well except for well 4N, and although there were some trends, there 

was no definite pattern. All the on-site sulfate means are within or 

very close to the range of the background sulfate levels. In general, 

sulfate concentrations at any given time increase slightly to the 

northwest, parallel to the regional groundwater flow. This same downgradient 

increase was observed in 1954 by Schaefer and Walton in their report to 

the Ohio Turnpike Commission and is a function of the bedrock mineralogy 

and time. There is no indication that any additional sulfate concentrations 

are reaching the wells. 

c. Zinc 

Zinc showed definite trends and a reasonably high correlation 

factor in all of the wells tested. The slope of the regression line, 

however, was generally very low. Further investigation showed that the 

wells with the highest zinc values either had galvanized steel casing 

(wells 2, 5, and 8), or are adjacent to an abandoned steel casing (wells 

lN and 3N) . Hells with lower values have PVC casings. Wells 5 and 2 

showed steadily decreasing values of zinc. All the remainder of the 

wells showed gradually increasing concentrations of zinc, although in 

all tases the concentrations were extremely low. This could mean that 

the natural deterioration of the steel well casings is a contributing 

factor to the zinc levels. The only background information available on 

zinc is from Poorman's Spring. The two samples taken show zinc levels 

of 0.008 and less than 0.003 mg/1. Similar analysis would be true for 

iron. 

d. Chrome 

Chrome showed a fairly significant correlation factor in all wells 

and a consistent decrease of concentration with time, although the 
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chrome concentrations at all times were extremely low. It should be 

noted that significant amounts of the chrome values which have been 

reported during the monitoring period were reported in terms of "less 

than" some limiting value which probably makes the chrome data suspect, 

and the values shown in the statistical analysis may actually be higher 

values than are actually present in the field, even though they are 

still quite low. Background information from Poorman's Spring indicates 

that the natural levels present are less than 0.03 mg/1. The chrome at 

the concentrations shown could be present in the background. 

e. Phenols 

Phenols showed no definite trends, either increasing or decreasing, 

across the entire range of wells. The usefulness of the phenol data is 

limited by the fact that only recently have phenols been monitored 

regularly and that most values were also reported in terms of ''less 

than" limitations, usually 0.10 mg/1, particularly in 1982. Actual 

values may be much lower. 

f. Chlorides 

The changes and trends in the chloride levels are significant and 

complex. With the exception of well 6N, all wells indicated a lower 

level of chlorides than well lN and a higher level of chlorides than 

well 5. In general, the wells to the southeast of the site (numbers 5, 

7, and 8) have lower concentrations of chlorides and the concentration 

of chlorides increases to the northwest (direction of regional groundwater 

flow). The individual records for each well indicate through time that 

the chloride levels in some wells have remained steady, some have dropped, 

and some have risen. Sheets 6 through 8 presents plots of the chloride 

levels vs. time and show the complex variation in the chloride levels. 
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Existing data seems to clearly indicate background chloride levels 

well below levels measured in on-site wells. Wells lN, 2, 3(3N), 4N, 

6(6N), 11, 12, and 13 show elevated chloride levels with some data 

dating back to at least 1976. The chloride levels in wells lN, 3N, 4N, 

and 6N seem to have significantly changed (generally increased) in 1979. 

Since 1979, well No. lN has shown an immediate drop in concentration and 

has then increased to near maximum levels. Chloride levels in well 3N 

also initially dropped and have since increased, but not to previous 

maximum levels. The level in well 4N has decreased and returned to pre-

1979 levels which were approximately equivalent to background levels. 

Levels in well 6N have remained high and seem to be steadily increasing. 

Wells 11, 12, and 13 seem to be holding at steady chloride levels, 

however, there is only one year of record available. Generally wells 

further downgradient from the center of the site show lower elevated 

chloride levels than those wells close to the center. Well 7 is an 

apparent upstream well, however, has had high chloride leyels in the 

past and currently appears to have slightly elevated levels (70 to 100 

mg/1). All wells seem to have at least one or more spiked readings 

above background levels. 

General Conclusions 

The short period of record, different well installation methods, 

and the precision of the equipment used to measure the chemical con-

centrations, all must be taken into consideration when comparing the on-

site data with the background water quality data. The only parameter 

that exhibits trends with large deviations from the background levels is 

chloride. Because the purpose of this study was to develop trends in 
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the data, no further analysis of the existing data was performed. 

Carefully monitored additional purging, sampling, and testing of the 

groundwater is indicated. 
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SECTION V 

SITE ASSESSMENT 

This study has provided detailed site and regional data from which 

an assessment of the acceptability of the current site operations can be 

made. The soil boring data has revealed that the overlying soil profile 

at the site is 40 to 50 feet thick and is composed almost entirely of 

uniformly clay-rich deposits with permeabilities on the order of 10-B to 

-9 10 cm./sec. The bedrock under the site which is the only known aquifer 

is highly fractured and contains large amounts of gypsum. As a consequence 

of the soluable material present in this rock, the natural groundwater 

is very highly mineralized and is naturally of low quality. Furthermore, 

the flow rate of the water through the rock is relatively slow, on the 

order of less than one foot per year. Because the clay-rich soils 

should prevent migration of waste constituents into the groundwater, and 

because the existing groundwater is already of low quality, thereby 

lessening the potential effect of a possible spill, it appears that the 

site represents a relatively good geological location for management of 

hazardous wastes. Furthermore, the site is generally far removed from 

dense population centers, further limiting possible negative effects. 

The high levels of chlorides in the groundwater under the site 

indicate that some groundwater quality change is occurring across the 

site. However, parameters other than chloride do not provide any indication 

of groundwater quality degradation. In fact, all parameters tested are 

below the federal drinking water standards, except for coliform levels. 

High chloride levels are found near the center of the site, with intermediate 

chloride levels downgradient of the site. The waste liquids at the site 

- 61 - BOWSER-MORNER 
Testing Laboratories, Inc. 



are high in chlorides content and, therefore, it may be logical to 

conclude that the changing chloride levels in the groundwater are the 

result of liquids escaping from the site. This study, however, has not 

identified any natural mechanism through which such escape of liquids 

could be occurring. 

Natural sources for the chloride have been considered. The Tymochtee 

dolomite, although an evaporative deposit, is not known to contain salt 

deposits. Furthermore, based on existing knowledge of the location of 

high chloride brine, and because of the apparent careful construction of 

the injection wells, it does not seem likely that the chloride level is 

the result of contamination from deep salty brines. Surface sources for 

the chlorides also have been considered. For example, road salt utilized 

on the turnpike and local roads could be adding to the chloride level in 

the groundwater. Apparently, sodium chloride has also been used on-site 

as a dust suppressant. Chloride contamination could also be the result 

of normal drilling and reworking of the deep wells. (In order to 

prevent escape of waste fluids which have been injected, salt brine is 

used to "kill" the well prior to reworking. Reworking of the deep wells 

can occur several times per year. Salt and acid brine is spilled onto 

the ground surface during this process.) 

By carefully researching the construction records relative to 

monitoring well installation on the site, it has been determined that 

the existing monitoring well system may be providing a conduit through 

which high chloride runoff, such as road salt, may be entering the local 

groundwater. Information on the construction of the monitoring wells 

indicates that the monitoring wells may not have been adequately sealed, 
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leaving a permeable annular space around the outside of the casing. 

Indeed, some of the groundwater monitoring records would indicate that 

high chloride levels appeared immediately after installing new mon-

itoring wells in 1979 in an area where chloride levels had historically 

been low. 

Another possible source for chloride migration is through soils 

affected by the storage of the liquids in open lagoons. The liquids 

stored at the site are high in chlorides and heavy metals, and also are 

highly acidic. The on-site natural soils tend to contain carbonaceous 

materials which could, theoretically, be attacked by the highly acidic 

liquids. In fact, there is some evidence to suggest that the stored 

liquid does react with the natural soil. This reaction, however, 

appears to be definitely limited. Boring No. 26 penetrated an abandoned 

closed waste pond. A 6- to 9-foot thick zone beneath the bottom of this 

lagoon was found to be leached of carbonate material. Neither this 

boring nor any other boring appeared to show any such affects beyond the 

indicated limited zone. This data plus the permeability data would 

suggest that liquids are not escaping the lagoon system. 

The study has shown that the site is hydrogeologically suited for 

management of hazardous wastes by methods which use landfarming, land-

filling, and lagoon systems. The area is underlain by naturally imper-

meable soil which should prevent the migration of waste constituents 

into the underlying aquifer. In addition, the existing groundwater 

quality is poor and moves across the site at a very slow rate. Finally, 

the normal operational pumping at the site has apparently developed a 

cone of depression which should further limit movement of the site 
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groundwater. The combination of all these factors minimizes the pas-

sibility of negative impacts on the groundwater. 

The study has identified an apparent problem with the existing 

monitoring well system. In order to better define the nature of this 

problem and to correct the situation, additional work must be performed 

at the site. It is recommended that four new monitoring wells be established 

at the site at the locations shown on Figure 12. These wells should 

have minimum 4 inch inside diameter casings and be equipped with permanent 

submersible pumps. These wells should be immediately monitored for 

chloride levels and new RCRA quarterly monitoring established. In order 

to assess the condition of the existing wells, each should be checked 

with Fluorescein dye to determine the integrity of the casing and the 

well seal. Should the seals prove to be improper, the wells will need 

to be properly sealed and/or abandoned. 

Groundwater quality analysis from the new wells should confirm the 

results of this study. In general, the proposed downstream wells are 

removed from the areas where previous well installations may have 

contaminated the groundwater. Wells numbered 16 and 17 have been 

located to show that high chloride levels present in wells 11, 12, and 

13 are not migrating downstream. Furthermore, their location will 

indicate the extent of the contamination if, for some reason, migration 

has taken place. Wells numbered 15, 16, and 17 will be downstream 

monitoring wells and well No. 14 will be the upstream monitoring well 

(for natural water gradient conditions). Considering the pumping being 

done at the site, all four new wells may be upstream of the waste 

management facilities. 
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APPENDIX A 

FIELD AND LABORATORY TEST DATA 



LOG OF BORING NO. l 

NORTHERN OHIO TREATHENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 10-13-82 

SURFACE ELEVATION: 602' DATE COMPLETED: 
10-14-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N" BLOWS 

NO. & SAMPLE 6" ON /FT. OR 
TYPE DEPTH SAMPLER CORE REC. 

0-.·0' Topsoil 
1---0.5' 
I- Hard brown silt and clay, some sand, lA 1.0- 2.5 15-16-17 33 
f- trace of organic, damp 

r-
'5· lC 4.0- 6.0 24" 
r----6.0' 
I- Very stiff brown and gray silt, some 2A 6.0- 7.5 7- 8-15 23 
I- 8.5' s;lay,trace~ of sand and gravel ;.I!J.Ois t 

r- Stiff gray silt and clay, trace of 
I 

I- sand, moist 
3A I 9.0-10.5 3- 6- 5 11 10' 

1---

-
I-

2C 12.0-14.0 18 11 

-
- (Becomes soft with 3" wet brown silt 
..J.S_'_ and sand layer at 14.0') 4A 14.0-15.5 2- 2- 2 4 

-
-
-

2o' SA 19.0-20.5 2- 2- 2 4 
-
-

-
-

- 25.0' 
(Becomes medium stiff at 24.0') 

6A 24.0-25.5 2- 3- 3 6 
- Stiff gray clay, some sil tl traces 
I- of sand and gravel, damp 
r-
I-

~ 7A 29.0-30.5 3- 5- 6 11 

METHOD: Hollow Auger WATER OBSERVATIONS TYPE SAMPLER: 

4 3. 0' (heav)') X A. SPLIT SPOON INITIAL DEPTH: --TECHNICIAN: TA and RF 39.0' 
COMPLETION DEPTH: X B. NX wire 

JOB NO.: 33767 (j l) DEPTH AFTER: 
24 HRs?•Jl _x___ C. SHELBY TUBE 

BOWSER - MORNER 
TESTING LABORATORIES, INC. 

2815 A - l 



2815 

LOG OF BORING NO. 1 - continued 

NORTHERN OHIO TREATMENT FACILITY- VICKERY, OHIO 

BORING LOCATION: As shm..m on boring location plan 

SURFACE ELEVATION: 602' 

STRATUM 

30' 
F-
r-
r-
r-
r--
35' 1-"-"-

r-- 36.0' 

r--
r--
r--
~ 
r-
r-
f---

r-- 44. 0' 

DESCRIPTION OF MATERIAL 

Hard gray silt, some clay, some 
sand, trace of gravel, moist 

SAMPLE 
NO. & 
TYPE 

3C 

8A 

9A 

lOA 
45' Hard gray shaley dolomite 
~ 

r-

'-

-

~ 
-
-
-

-

...s..s.:._ 

-

-

-

6o• 
~ 

METHOD: 

TECHNICIAN: 

Hollow Auger 

TA and RF 

lB 

2B 

WATER ')BSERVATIONS 

INOTIAL DEPTH,43. Q' (heavy) 

39.0' 
COMPLETION DEPTH· 

DATE STARTED: 10-13-82 

DATE COMPLETED: lO-l4- 82 

SAMPLE 
DEPTH 

34.0-36.0 

36.0-37.5 

39.0-40.5 

44.0 

44.0-49.0 

49.0-59.0 

_X_ 
X 

BLOWS PER 
6" ON 

SAMPLER 

6-18-29 

66-34/2" 

100/0" 

TYPE SAMPLER: 

"N" BLOWS 
/FT. OR 

CORE AEC. 

47 

100+ 

1oo+ 

55 11 

A. SPLIT SPOON 

NX wire 
. B. 

JOB NO.: 3376 7 (j 1) 24 7. 3' X 
DEPTH AFTER: HAS. C. SHELBY TUBE 

BOWSER - MORNER 
TESTING LABORATORIES, INC. 

A - 2 



2815 

LOG OF BORING NO. 1 - continued 

NORTHZRN OHIO TREATHENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 10-13-82 

SURFACE ELEVATION: 602' DATE COMPLETED:l0-14-82 

STRATUM 

60' =--
-

-

-

r
r---
r
r
r
r
r---
r
r
r
r
r---
r-
'--

-
-
-
-
-
-
-

-
-

-

-· 

-
-

METHOD: 

TECHNICIAN: 

JOB NO.: 

DESCRIPTION OF MATERIAL SAMPLE 
NO. & 
TYPE 

3B 

SAMPLE 
DEPTH 

59.0-64.0 

Bottom of boring at 64.0' 

Hollow Auger 

TA and RF 

33767 (j 1) 

WATER OBSERVATIONS 

INITIAL DEPTH: 43. Q 1 (heavy) 
39.0' 

COMPLETION DEPTH:------

DEPTH AFTER: 24 HRS7.3' 

A - 3 

X --
X 
--

X 

BLOWS PER 
6" ON 

SAMPLER 

"N" BLOWS 
/FT. OR 

CORE REC. 

TYPE SAMPLER: 

A. SPLIT SPOON 

NX wire 
B. 

c. SHELBY TUBE 

BOWSER- MORNER 
TESTING LA BORA TORIES, INC. 



Date Logged -~l~l=lc=-:.s8c.:2~-

Observer ______ ~J~K~K~-------

602
, 

Surface Elevation---""'-"-

ROCK CORE LOG 

Boring No. --------~1~-------------

558' 
Core Top Elevation---------------

201" Core Recovery ____________________ _ 

Silurian/Tymochtee member of Bass Islands Formation 
Age(s)/Formation(s)------------~~~-----------------------------------------

44% TOTAL Rock Quality Designation (RQD) __ ~~~----------------------------------

5+ per foot 
TOTAL Fracture Frequency (FF) -------------------------------------------------

Depth(ft) Description 

Hard gray and white shale with gypsum, occasional 
44.0 voids with crystalline gypsum, occasional clastic 

zone. 

48.5 Hard gray and black shale, occasional voids lined 
with gypsum crystals. 

49.0 

52.1 
Hard gray and white shale with gypsum, occasional 

voids. 

59.0 

64.0 Bottom of boring. 

A - 4 

Sample Recoverv 

lB ssn 
RQD ~ 32% 

2B 90 11 

RQD ~ i~% FF - 5 ft. 

3B 56" 
Rnn - "'~ 
FF ~ 5/ft. 

BOWSER-MORNER 
Testing Laboratories, Inc. 



LOG OF WELL NO. l 

NORTHERN OHIO TREATMENT FACILITY- VICKERY, OHIO 

BORING LOCATION' 
DATE INSTALLED: 

As shown on boring 
location plan. 
10-14-82 

SURFACE ELEVATION' 

TOP OF PIPE ELEVATION: 

601.3' 

603.04' 

TYPE OF PIEZOMETER' l l/4" SCH 40 l l/4" x 3' 0.010 slot. 

WATER SURFACE 
DATE DEPTH (FT.) 

10-14-82 7.3 

10-14-82 6.4 }'( 

10-19-82 AM 8.5 

10-19-82 PM 7.4 

10-20-82 7. 3 

1-19-83 5.68 

2-3-83 3.9 

}'{ After 6 t purs. 

TECHNICIAN TA-RF 

JOB NO. 33767 (jl) 

WATER SURFACE 
ELEV. (FT.) 

INSTALLATION DESCRIPTION 

595.7 

596.6 

594.5 

595.6 

595.7 

595.6 

597.4 

DESCRIPTION 

Grout 

Bentonite 
Plug 

Bedrock 

Screen 

Botton of 
Boring 

Guard pipe with locking cap installed. 

A - 5 

DEPTH (FT.) 

r= 2. 0' 
1.5' Pipe 

""--0.0 

--30.0' Est. 

--44. 0' (Collar) 

--60.0 

t 63.0' 

L---' ___ 64. 0' 



LOG OF BORING NO. 2 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 10-11-82 

SURFACE ELEVATION: 609' DATE COMPLETED: 10-12-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N"BLOWS 
NO, & SAMPLE 6" ON /FT. OR 
TYPE DEPTH SAMPLER CORE REC. 

0.0' (FILL) Topsoil 
-0.5' 
- (FILL) Hard brown silt and clay, lA 1.0- 2.5 12-21-14 35 

traces of sand, - gravel and organic 
3.0' material, damp 

- Very stiff brmm and gray clay and 

rs-. silt, traces of sand and gravel~ dam 2A 4. 0- 5.5 6- 8-11 19 
1--
1--

1--

1-- lC 7.0- 9.0 24 11 

1--
10' 3A 
1-'--

9.0-10.5 6-11-12 23 

1--

1--

1--

1--
14.0') 4A 14.0-15.5 6- 5-10 15 15 0' (Becomes stiff at 1--. 

Stiff brown and gray silt and clay, 
1-- trace of silt, wet 
~ 

18.0' 
- Very stiff gray silt, some clay, 
-
~ 

traces of sand and gravel, damp SA 19.0-20.5 7- 9-11 20 

-
-
-
- 6A 24.0-25.5 6- 9-11 20 
.2.5-!-

-
-

-

:iL (Becomes stiff at 29.5') 
7A 29.0-30.5 3- 6- 6 12 

METHOD: Hollow Auger WATER OBSERVATIONS TYPE SAMPLER: 

* X SPLIT SPOON INITIAL DEPTH: -- A. 
TECHNICIAN: TA and RF X NX wire 

COMPLETION DEPTH: -- B. 

JOB NO.: 33767 (j 1) DEPTH AFTER: 
24 

HAS. 
5.3' X C. SHELBY TUBE 

* 9.0'(light); 48.0'(heavy) 
BOWSER- MORNER 
TESTING LA BORA TORIES, INC. 

2815 A - 6 



LOG OF BORING NO. 2 - continued 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan OATE STARTED: 10-11-82 

SURFACE ELEVATION: 609' OATE COMPLETED: 10-12-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N" BLOWS 

NO. & SAMPLE 6" ON /FT. OR 

TYPE DEPTH SAMPLER CORE AEC, 

30' 
F-"--
r---
r---
1--

L (Becomes very stiff at 34. 0') 
SA 34.0-35.5 7- 9-11 20 

-
-
-
-

9A 39.0-40.5 7-10-15 25 40' 
~ 

-

- ' - 43.0 
Hard gray silt, some sand, some 

4s• clay, trace of gravel, damp lOA 44.0-45.0 78-22/1" 100+ 
-
-

-

r---
f-::-~ 49.3' llA 49.0-49.5 100/5" 100+ 
SO' Gray weathered limes tone 

r-----s-1. O' 
1-- Hedium-hard gray shaley dolomite 
1-- with gypsum 
r--- lB 50.0-59.0 108" 
1--
55' 
~ 

r---

1--
c---

~ 

METHOD: Hollow Auger WATER OBSERVATIONS TYPE SAMPLER: ,, 
_X_ INITIAL DEPTH: A. SPLIT SPOON 

TECHNICIAN: TA and RF NX wire X 
COMPLETION DEPTH- -- B. 

JOB NO.: 33767 (j 1) DEPTH AFTER: 24 HAS. 5.3' X c. SHELBY TUBE 

'' 9. 0' (light); 48.0' (heavy) BOWSER - MORNER 
TESTING LA BORA TORIES, INC. 

2815 
A - 7 



2815 

LOG OF BORING NO. 2 - continued 

NORTHERN OHIO TREATMENT FACILITY- VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 10-11-82 

SURFACE ELEVATION: 609' DATE COMPLETED: 10-12-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE 
NO,& 
TYPE 

60' 
~ 

~ 

f--
~ 

-
65' ;::_o____ 

-

-

-

To· 
-
f

f

f

f-
1-
f

f

f-

'so• 
F-
1-

I
I-
-

85' 
~ 

-
-
-

9o• -

2B 

3B 

4B 

SAMPLE 
DEPTH 

59.0-69.0 

69.0-70.0 

70.0-80.0 

80.0-90.0 

Bottom of boring at 90.0' 

METHOD: Hollow Auger WATER OBSERVATIONS 

'" INITIAL DEPTH: _______ _ 
TECHNICIAN: TA and RF 

COMPLETION DEPTH:------

JOB NO.: 33767 (jl) DEPTH AFTER?4 HAS. 5 • 3 T 

'' 9.0'(light); 48.0'(heavy) 

A - 8 

BLOWS PER 
6" ON 

SAMPLER 

TYPE SAMPLER: 

"N"BLOWS 
/FT. OR 

CORE AEC. 

12 11 

120" 

A. SPLIT SPOON 

a. NX wire 

C. SHELBY TUBE 

BOWSER - MORNER 
TESTING LABORATORIES, INC. 



ROCK CORE LOG 

33767 Job No. ________________ __ 2 
Boring No.-------------------------

11-1-82 
Da t e Lagged ---------------- 559' Core Top Elevation ___ ...::..::..::_ ______ _ 

Observer _____ J_KK ____________ _ 413" Core Recovery __________ __::...::... ______ __ 

Surface Elevation 609' 

Age(s)/Formation(s) Silurian/Tymochtee member of Bass Islands Formation 

39% TOTAL Rock Quality Designation (RQD) ____ ~~~--------------------------------

TOTAL Fr ac t u r e Frequency ( FF) ____________ __:S::_+:_Pt::=e.=r___cf:.::o:.::o::_t::__ ________________________ _ 

Depth(ft) Description 

50 
Hard gray and white shale 1vi th gypsum, occasional 
voids and weathered zones 

59 

Hard gray and black shale, occasional voids 

59.5 
(especially upper part) and weathered zones 

Hard gray and white shale with gypsum, occasional 
62.2 voids and weathered zones. 

69.0 

70.0 

78.5 Hard massive fine grained gray dolomite with 
gypsum in fillings, carbonaceous partings 

80.0 

86.0 
Hard gray and white shale with gypsum, occasional 
voids 

* Inner barrel. carne loose and ground core up. 

A - 9 

Sample Recovery 

lB 108" 
RQD ~ 36% 
FF ~ 5/ft. 

2B 9 311 

RQD ~ 30% 

"'"' c. I c, 

3B 1211 

RQD ~ 41% 
FF ~ 4/ft. 

4B * 80" 
RQD ~ 16% 
FF ~ 8/ft 

SB 120" 
RQD ~ 63% 
FF ~ 3/ft 

BOWSER-MORNER 
Testing Laboratories, Inc. 



ROCK CORE LOG 

Job No. ______ 3_3_7_6_7 ______ __ 

11-1-82 
Date Logged-----=~~-=---

JKK Observer ________________ __ 

609
, 

Surface Elevation ____ ~~ 

Boring No. 2 - continued 

559' 
Core Top Elevation---------------

413" 
Core Recovery ______ __.:.=-----------

Silurian/Tymochtee member of Bass Islands Formation 
Age(s)/Formation(s)~~~~~~~~~~~~~~~~~~~~~~~~~~~~----

39% 
TOTAL Rock Quality Designation (RQDl------~~--------------------------------

5+ per foot 

TOTAL Fracture Frequency (FF) -------------------------------------------------

Depth(ft) 

89.0 Hard black shale 

Bottom of boring 

Description 

at 90.0' 

A - 10 

Samvle !Recovery 

BOWSER-MORNER 
Testing Laboratories, Inc. 



LOG OF BORING NO. 3 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: l-18-83 

SURFACE ELEVATION: 610' DATE COMPLETED: l-18-83 

STRATUM DESCRIPTION OF MATERIAL SAMPLE 
NO.& SAMPLE 
TYPE DEPTH 

_0.0' Topsoil 
l. 0' 

- Stiff brown and gray clay and silt, lA 1.0- 2.5 
,.- traces of sand and gravel, moist 
-

- (Becomes medium stiff at 4. O') 
.s.c__ 2A 4.0- 5.5 

-
-
r--
,.- 9. 0' 
10' Medium stiff gray clay and silt, 3A 9.0-10.5 
=-

traces of sand and gravel, with 
- l" brown silt seam, moist 
,.-

-
14.0' 

-
Medium stiff silt, clay, 

.J.5.:_ 
gray some 4A 14.0-15.5 

some sand, trace of gravel, wet 
-
-
-

- SA 19.0-20.5 20' -==--
-

-
-

~· 6A 24.0-25.5 
f----
f-

-

-
(Becomes moist at 29. 0') 

3o• 7A 29.0-30.5 
~ 

METHOD: Hollow Auger WATER OBSERVATIONS 

INITIAL DEPTH: 19 • Q I (medium) X --
TECHNICIAN: BK and CL None 

COMPLETION DEPTH: --
JOB NO.: 33767 (j 1) 

0. 75 26.0' 
DEPTH AFTER: HRS. 

A - 11 

BLOWS PER "N" BLOWS 
6"0N /FT. OR 

SAMPLER CORE REC. 

5- 6- 7 13 

4- 4- 5 9 

2- 3- 4 7 

3- 3- 3 6 

2- 3- 4 7 

3- 3- 4 7 

3- 5- 8 13 

TYPE SAMPLER: 

... SPLIT SPOON 

•• 
c. SHELBY TUBE 

BOWSER- MORNER 
TESTING LABORATORIES. INC. 



LOG OF BORING NO. 3 - continued 

NORTHERN OHIO TREATMENT FACILITY- VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 1-18-83 

SURFACE ELEVATION: 610' OATE COMPLETED: 1-18-83 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N"BLOWS 
NO. & SAMPLE 6" ON /FT. OR 
TYPE DEPTH SAMPLER CORE REC. 

fill.C-
r--
r--
~ 

i- (Becomes very stiff at 34.5') 
rJ5' F"--

SA 34.0-35.5 7-ll-18 29 

r--
r--
f-- 38.5' 

~· 
Gray silt, some sand, some clay, 

- trace of gravel, contains gypsum 
9A 39.0-40.0 50-50/3" 100+ 

- (Auger refusal at 40.5') 
Bottom of boring at 40.5' 

~ 

-
-
-
-
-

-

-

-
-
-

-

-
-
-

-

-
-

-

METHOD: Hollow Auger WATER OBSERVATIONS TVPE SAMPLER: 

INITIAL OEPTH:19 • 0 1 (medium} X A. SPLIT SPOON 
TECHNICIAN: BK and CL 

JOB NO.: 
117h7 ( i 1) 

None 
COMPLETION DEPTH: 

DEPTH AFTER: 0. 75HAS26.0' 

A - 12 

-- •• 
c. SHELBY TUBE 

BOWSER - MORNER 
TESTING LABORATORIES, INC. 



LOG OF BORING NO. 4 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: l-26-83 

SURFACE ELEVATION: 6ll' DATE COMPLETED: l-26-83 

STRATUM 

n.o' 
l. O' 

c--
c-
~ 

~ 

:L.._ 

~ 

~ 

~ 

~ 

~ 

15' =--
~ 

~ 

~ 

w• ....c.__ 

~ 

~ 

c
r--
25' 
F--
r-
r-
r--
~· 1--

METHOD: 

DESCRIPTION OF MATERIAL 

Topsoil 

Stiff brm.;rn and gray silt, some 
clay, some sand, trace of gravel9 
moist 
(Becomes soft at 4. 0') 

Hedium stiff gray silt, some clay, 
some sand, trace of gravel, moist 

(Becomes stiff at 14.5') 

(Becomes medium stiff at 19.0') 

(Becomes very stiff at 29.5') 

SAMPLE 
NO. & 
TYPE 

lA 

2A 

3A 

4A 

SA 

6A 

?A 

Hollow Auger WATER OBSERVATIONS 

* 

SAMPLE 
DEPTH 

l. 0- 2.5 

4.0- 5.5 

9.0-10.5 

14.0-15.5 

19.0-20.5 

24.0-25.5 

29.0-30.5 

_x_ 
TECHNICIAN: BK and CL INITIAL DEPTH:~~---...,.--

36.3' ''* 
JOB NO.: 33767 (j l) 

'' 4.0' (trace); 9.0' (heavy) 
** Taken in augers. 

COMPLETION DEPTH: 

DEPTH AFTEA: 0.5 HAS. 32.0' 

A - 13 

BLOWS PEA "N" BLOWS 
6" ON /FT. OR 

SAMPLER CORE REC. 

4- 5- 6 ll 

2- 1- 3 4 

2- 3- 5 8 

3- 7- 7 14 

3- 3- 6 9 

3- 4- 4 8 

6- 8-13 21 

TYPE SAMPLER: 

A. SPLIT SPOON 

•• 
c. SHELBY TUBE 

BOWSER - MORNER 
TESTING LABORATORIES. INC 



LOG OF BORING NO. 4 - continued 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 1-26-83 

SURFACE ELEVATION: 611' DATE COMPLETED: 1-26-83 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N"BLOWS 
NO. & SAMPLE 
TYPE DEPTH 

30' 
"-"---

-

-
-

- (Becomes hard at 34. 5') 
3.52...-
-

-

- 38. 5' 
- Gypsum and weathered 

- Bottom of boring 

-

-
-

f-

f--
1-
f-

f-

1-
1--
f-

f-

i-
;--

f---

~ 

;--

1-
i-

-
METHOD: Hollow Auger 

TECHNICIAN: BK and CL 

JOB NO.: 33767 (j 1) 

'' 4.0' (trace); 9.0' (heavy) 

~~* Taken in augers. 

at 

SA 34.0-35.5 

shale 9A 39.0-39.5 
39.5' 

WATER OBSERVATIONS 

* X 
INITIAL DEPTH: --

36. 3' *'' COMPLETION DEPTH: --
0.5 32.0' 

DEPTH AFTER: HAS. 

A - 14 

6" ON /FT. OR 
SAMPLER CORE REC, 

10-16-19 35 

100/2" 100+ 

TYPE SAMPLER: 

A. SPLIT SPOON 

B. 

c. SHELBY TUBE 

BOWSER- MORNER 
TESTING LABORATORIES, INC 



~' 

LOG OF BORING NO. 5 

NORTHERN OHIO TREATI'!ENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 10-14-82 

SURFACE ELEVATION: 616' DATE COMPLETED: 10-14-82 

STRATUM DESCRIPTION OF MATERIAL 

Topsoil 

SAMPLE 
NO. & 
TYPE 

SAMPLE 
DEPTH 

0. O' 
f---o.s' 
r~ l-oV~e-r-y---s~t7i~f~f~b-r_o_wn ___ c~l-a_y_, __ S_O_m_e __ .S_l~.l~t~,----

lA 1.0- 2. 5 
~ traces of sand and gravel, damp 

f---

5' 
~6.0' 
-~ 

--

--
--
10' 
~ 

--

--

--

f--
fll-
r
f-

f-

"2o· 
r--
f-

f--

f--
--
~ 

--
--

--

--
30' """'""'---

METHOD: 

TECHNICIAN: 

JOB NO.: 

lC 

Very stiff brown and gray clay, some 2A 
silt, some sand, trace of gravel, 
moist 
(Becomes stiff and gray at 8.0') 

3A 

(Becomes medium stiff at 15.0') 
2C 

4A 

SA 

6A 

3C 

(Becomes very stiff at 30.0') 7A 

Hollow Auger WATER OBSERVATIONS 

* 

4.0- 6.0 

6.0- 7.5 

9.0-10.5 

13.0-15.0 

15.0-16.5 

19.0-20.5 

24.0-25.5 

27.5-29.5 

29.5-31.0 

INITIAL DEPTH: ________ ~--~ X 

X TA and RF 

33767 (j 1) 

4.0' 
COMPLETION DEPTH:---------

DEPTH AFTER: _____ HAS. ___ _ 
X 

'' 37.5'(light); 39.5'(medium) 

A - 15 

BLOWS PER 
6" ON 

SAMPLER 

6-12-13 

17-28-29 

4- 5- 7 

3- 4- 5 

3- 3- 4 

3- 4- 5 

5- 9-10 

TYPE SAMPLER: 

"N" BLOWS 
/FT. OR 

CORE REC. 

25 

24" 

57 

12 

9 

7 

9 

0" 

19 

A. SPLIT SPOON 

NX wire 
B. 

C. SHELBY TUBE 

BOWSER- MORNER 
TESTrNG LA BORA TORIES. INC. 





LOG OF BORING NO. 5 - continued 

NORTHERN OHIO TREATMENT FACILITY- VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 10-14-82 

SURFACE ELEVATION: 616' DATE COMPLETED: 10-14-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE 
NO. & 
TYPE 

60' r=-
f-

t-

t-

f--

~ 
1--
~ 

f--

'lo· 
'----

f-

f--

-
r-
75' -'-"'----

-

~ 

-

~ 

3B 

4B 

5B 

SAMPLE 
DEPTH 

58.0-68.0 

68.0-78.0 

78.0-80.5 

-

~ 

~ 

~ 

Bottom of boring at 80.5' 

-
~ 

~ 

~ 

~ 

1----

METHOD: Hollow Auger 

TECHNICIAN' TA and RF 

JOB NO.: 33767 (j1) 

'' 37.5'(1ight); 39.5'(medium) 

WATER OBSERVATIONS 

* INITIAL DEPTH:~--:--'07-~-
4.0' 

COMPLETION DEPTH:~~~~~-

DEPTH AFTE A: HAS. 

A - 16 

_X_ 

_X_ 

_x_ 

BLOWS PER 
6" ON 

SAMPLER 

TYPE SAMPLER: 

"N" BLOWS 
/FT. OR 

CORE AEC. 

118" 

120" 

30 11 

A. SPLIT SPOON 

s. NX wire 

C. SHELBY TUBE 

BOWSER - MORNER 
TESTING LABORATORIES, INC 



LOG OF BORING NO. 5 - continued 

NORTHERN OHIO TREATMENT FACILITY- VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 10-14-82 

SURFACE ELEVATION: 616' DATE COMPLETED: 10-14-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N" BLOWS 

NO. & SAMPLE 6" ON /FT. OR 

TYPE DEPTH SAMPLER CORE REC. 

30' 
-
-

-
-

-
_lL_ 

SA 34.0-35.5 10-13-16 29 

- I 
1-- 37.5' 
/-- Hard gray sand, some gravel, some 

1-- clay, some silt (contains gypsum), 9A 39.0-40.0 85-15/1" 100+ 

~0.5' damp 

1-- Medium to hard shale 

/--
1--

/--
lB 40.5-48.0 841f 

~ 
/--
1--

/-- 48. 5' 

~ 
Medium to hard shaley dolomite 

1--

1--

/--
1--

2B 48.0-58.0 120" 

~ 
c-

1--
1--

~ 

METHOD: Hollow Auger WATER OBSERVATIONS TYPE SAMPLER: 

* X 
INITIAL DEPTH: -- A. SPLIT SPOON 

TECHNICIAN: TA and RF 4.0' NX wire 
COMPLETION DEPTH: 

X B. --
JOB NO.: 33767 (j 1) DEPTH AFTER: HAS. __x_ C. SHELBY TUBE 

'' 37.5'(light); 39.5'(medium) BOWSER - MORNER 
TESTING LABORATORIES, INC. 

A - 17 



ROCK CORE LOG 

Job No. ______ ~L7Q6L7 ______ _ 5 J3or i ng No. ______ __:~-------------

Date Logged ll 1 82 

JKK 

576' Core Top Elevation __ ~~~-------

0 bs e rver ------------------
4 72" 

Core Recovery --------------------

616
, 

Surface Elevation ____ ~~ 

Silurian/Tymochtee member of Bass Islands Formation 
Age(s)/Formation(s) --~~~~~~~~~~~~---------------------------------

43% TOTAL Rock Quality Designation (RQD) ______ ~~--------------------------------

TOTAL Fracture Frequency (FF) ------------~3~+~p~e~r~~fo~o~t ______________________ _ 

Depth(ft) Description 

40.5 Hard black fine-grained dolomite 

4l. 0 Hard black thin-bedded shale 

42.0 Soft gypsum and c1eathered black shale: highly 
fractured, some solutioning of gypswn 

Hard massive white, gray and black shales with 
48.0 some thin massive gypsum, appears clastic in 

part 

57.0 Begin finding open voids with crystalline 
gypsum 

58.0 

67.5 Carbonaceous partings 

68.0 

78.0 

Bottom of boring at so. 5' 

A - 18 

Sample :Zecoverv 

lB 84" 
RQD ~ 0 

2B 120" 
RQD ~ 30% 

3B 118" 
RQD 51% 
FF ~ 4/ft. 

4B 120" 
RQD ~ 47% 
FF ~ 3/ft. 

5B 30" 
RQD ~ 53% 
FF ~ 4/ft. 

BOWSER-MORNER 
Testing Laboratories, Inc. 



LOG OF WELL NO. 5 

NORTHERN OHIO TREATMENT FACILITY -VICKERY, OHIO 

BORING LOCATION, 

DATE INSTALLED: 

As shown on boring 
location plan 
10-15-82 

SURFACE ELEVATION, 616. 5 

TOP OF PIPE ELEVATION= 619 

TYPE OF PIEZOMETER' l l/4" PVC SCH 40 with l l/4" x 3' screen, 0.010 slot 

DATE 

10-15-82 

10-18-82 

10-19-82 

10-20-82 

2-3-83 

TECHNICIAN 

JOB NO. 

WATER SURFACE WATER SURFACE 
DEPTH (FT.) ELEV. (FT.) Remarks INSTALLATION DESCRIPTION 

TA and RF 

33767 (jl) 

DESCRIPTION 

Screen 

Bottom of 
Boring 

DEPTH (FT.) 

73.0 

76.0 

L-----' -- 80. 5 

Could not get well to ·bottom, collar was hanging up at sand 
layer above core hole. Pulled auger after pipe locked up 
for sand cave-in before grouting. Guard pipe with locking 

cap installed. 

A - 19 



LOG OF BORING NO. 6 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 1-19-83 

SURFACE ELEVATION: 612' DATE COMPLETEDJ.-l 9- 83 

STRATUM DESCRIPTION OF MATERIAL SAMPLE 
NO.& SAMPLE 
TYPE DEPTH 

r---0.0' Topsoil 
1. O' 

~ Stiff brown and gray clay, some lA 1. 0- 2.5 
1- silt, traces of sand and gravel, 

1- moist 

1- (Becomes very stiff at 4. 5' ) 2A 4. 0- 5.5 
~ 
~ 

~ 

~ 

~ 
9.0' 

10' Medium stiff brown and gray silt 3A 9.0-10.5 
r-- and clay, trace of sand~ moist 
~ 

~ 

1-

'is• 
14.0' 

Soft gray clay, some silt, some 4A 14.0-15.5 
r-- sand, trace of gravel, moist 
1-

-
-

:2iL 
(Becomes medium stiff at 19.5') SA 19.0-20.5 

-
,..-
-
-
25' 6A 24.0-25.5 
-
-

-

-

--:3"0' (Becomes stiff at 29.5') 7A 29.0-30.5 
-

METHOD: Hollow Auger WATER OBSERVATIONS 

INITIAL DEPTH: 9.0' (heavy) X --
TECHNICIAN: 

BK and CL 39.0' * COMPLETION DEPTH: --
JOB NO.: 

I; 1) DEPTH AFTER: _2_._Q_ HRS. 17. 2 1 

007C7 

~" Taken in augers. 

A - 20 

BLOWS PER "N"BLOWS 
6" ON /FT. OR 

SAMPLER CORE REC, 

3- 6- 8 14 

6-11- 7 18 

3- 5- 5 10 

2- 2- 3 5 

2- 3- 3 6 

2- 3- 4 7 

4- 6- 7 13 

TYPE SAMPLER: 

A. SPLIT SPOON 

•• 
c. SHELBY TUBE 

BOWSER - MORNER 
TESTING LABORATORIES. INC. 



LOG OF BORING NO. 6 - continued 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 11-19-83 

SURFACE ELEVATION: 612' DATE COMPLETED: 11-19-83 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N" BLOWS 

30' -r--
f--

'---
(Becomes hard at 

Js' 
.:..::.....:t5.5' 
'-- Gray shale 

r--

r--
f--

- Bottom of boring 

-

-

-

-

-

-

-

-

-

-
-
-

-

-

-
-

-

-
~ 

'---

METHOD: Hollow Auger 

TECHNICIAN: BK and CL 

JOB NO.: 383767 (j 1) 

'~ Taken in augers. 

NO.& SAMPLE 
TYPE DEPTH 

34. 0') 
SA 34.0-35.5 

9A 39.0-39.5 
at 39.5' 

WATER OBSERVATIONS 

INITIAL DEPTH: 9" Q 
1 

(heavy) X --
3q.o• * COMPLETION DEPTH: --

DEPTH AFTER: 2 • Q HRS17.2' 

A - 21 

s" ON /FT. OR 
SAMPLER CORE REC, 

11-24-53 77 

100 /1" 100+ 

TYPE SAMPLER: 

A. SPLIT SPOON .. 
c. SHELBY TUBE 

BOWSER - MORNER 
TESTING LABORATORIES. INC. 



LOG OF BORING NO. 7 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 11-22-82 

SURFACE ELEVATION: 609' DATE COMPLETED: 11-22-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE 
NO. & SAMPLE 
TYPE DEPTH 

r--0.0' Topsoil 
1. O' 

1- Stiff brown and clay and silt, lA 1.0- 2.5 gray 
1- trace of sand, moist 

1-
r- 2A 4.0- 5.5 

f5-!--
r-
r-
1-

1- 9.0' 3A 9.0-10.5 
10' Very stiff brown and gray clay, 
r-=--

some silt, traces of sand and 
1-

1-
gravel, moist 

~ 

ls' 14.0' 
- Hedium stiff gray clay, some silt, 4A 14.0-15.5 

some sand, trace of gravel, moist 
-
r-

-

Zo' 
SA 19.0-20.5 

"'-"'---
-

-
-

Zs' (Becomes stiff at 24.5') 6A 24.0-25.5 
-
-

-

-
- 7A 29.0-30.5 
30' =-

METHOD: Hollow Auger WATER OBSERVATIONS 

INITIAL DEPTH: 
43.5(1'\edium) X --

TECHNICIAN: BK and CL 41.5' 
COMPLETION DEPTH: --

JOB NO.: 33767 (j 1) DEPTH AFTERP. 25 HRS_38.5' 

A - 22 

BLOWS PER "N" BLOWS 
6" ON /FT. OR 

SAMPLER CORE REC, 

4- 5- 7 12 

6-11-14 25 

4- 8- 9 17 

3- 4- 6 10 

3- 4- 6 10 

4- 5- 7 12 

3- 6- 9 15 

TYPE SAMPlER: 

... SPLIT SPOON .. 
c. SHELBY TUBE 

BOWSER - MORNER 
TESTING LAI!iORATORIES. INC. 



LOG OF BORING NO. 7 - continued 

NORTHERN OHIO TREATMENT FACILITY- VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 11-22-82 

SURFACE ELEVATION: 609' DATE COMPLETED: 11-22-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE 
NO. & SAMPLE 
TYPE DEPTH 

flo.'-
e-
f--
f--

'35· (Becomes hard at 35.0') SA 31,, 0-35.5 
f---

r-
r-
e-

~· 9A 39.0-40.5 
;---

r-

r- 42.5' 
- Weathered dolomite 

- lOA 43.5-44.0 

- Bottom of boring at 44.0' 

-
-

-

-

-
-

-
-
-

-
-

-

-
-

-

METHOD: Hollow Auger WATER OBSERVATIONS 

43.5' (medium) X 

TECHNICIAN: 
INITIAL DEPTH: --

BK and CL COMPLETION DEPTH: 41.5' --
JOB NO.: 33767 (j l) DEPTH AFTER: Q,25HRS_38,5' 

A - 23 

BLOWS PER "N'' BLOWS 
6" ON /FT. OR 

SAMPLER CORE REC. 

5-12-19 31 

12-24-39 63 

100/3" 100+ 

TYPE SAMPLER: 

A. SPLIT SPOON 

B. 

c. SHELBY TUBE 

BOWSER - MORNER 
TESTING LABORATORIES, INC. 



LOG OF BORING NO. 8 

NORTHERN OHIO TREATNENT FACILITY- VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan 

SURFACE ELEVATION: 607' 

STRATUM DESCRIPTION OF MATERIAL SAMPLE 
NO.&. 
TYPE 

_0.0' Topsoil 

- l.O' 1A 
Very stiff brown and gray clay 

-
and silt, trace of sand, moist 

-

- 2A 
.5.'._ 

-

-

-

lo' 
9.0' 3A 

=- Very stiff brown clay, some silt, 

some sand, trace of gravel, moist 
-

(Hith l/2" brmvn sand seam at 10') 
-

-

- 14.0' 4A 
~ Nedium stiff gray clay, some silt, 

some sand, trace of gravel, moist 
-

f-

r--
CZo• SA 
f--'-

-
-

-

- (Becomes stiff at 24. 5' ) 
25' ..!=!..._ 

6A 

-

-

-- 7A 30' 
~ 

METHOD: Hollow Auger WATER OBSERVATIONS 

INITIAL DEPTH: None 
TECHNICIAN: BK and CL None 

COMPLETION DEPTH: 

JOB NO.: 33767 (j 1) DEPTH AFTER· HAS. 

A - 24 

DATE STARTED: ll-23-82 

DATE COMPLETED: ll-23-82 

SAMPLE 
DEPTH 

l.O- 2.5 

4.0- 5.5 

9.0-10.5 

14.0-15.5 

19.0-20.5 

24.0-25.5 

29.0-30.5 

__x_ 

--

BLOWS PEA "N" BLOWS 
6" ON /FT. OR 

SAMPLER CORE REC. 

5- 9-14 23 

5- 8-12 20 

5-10-19 I 29 

3- 3- 6 9 

3- 4- 6 10 

4- 5- 8 l3 

3- 5- 6 11 

TYPE SAMPLER: 

A. SPLIT SPOON 

•• 
c. SHELBY TUBE 

BOWSER- MORNER 
TESTING LABORATORIES. INC. 



lOG OF BORING NO. 8 - continued 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 11-23-82 

SURFACE ELEVATION: 607' DATE COMPLETED: 11-23-82 

STRATUM 

~ 

r-

-

Js' -
-

-
~ 

40' 
-
-
-
-

-

-
-
t

t

r-
1-
t

r
r
t-

1-

r
t

t

t-

1--

METHOD: 

TECHNICIAN: 

JOB NO.: 

DESCRIPTION OF MATERIAL 

(Becomes hard at 34.5' with trace o 
rock fragments) 

(Apparent rock at 40.5') 
(Auger refusal at 41.5') 
Bottom of boring at 41.5' 

SAMPLE 
NO. & 
TYPE 

SA 

9A 

Hollow Auger WATER OBSERVATIONS 

SAMPLE 
DEPTH 

34.0-35.5 

39.0-40.5 

INITIAL DEPTH : __ Nuuocuncee'----
BK and CL 

COMPLETION DEPTH: _ _:N::_o:_n::_e:::__ 

33767 (j 1) DEPTH AFTER· HAS. 

A - 25 

BLO'NS PER 
6" ON 

SAMPLER 

6-15-22 

9-19-43 

TVPE SAMPLER: 

"N" BLOWS 
/FT. OA 

CORE REC, 

37 

62 

A. SPLIT SPOON 

B. 

C. SHELBY TUBE 

BOWSER- MORNER 
TESTING LABORATORIES. INC. 



2815 

LOG OF BORING NO. 9 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 10-11-82 

SURFACE ELEVATION: 606' DATE COMPLETED: 10-ll-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N" BLOWS 

NO. & SAMPLE 6" ON /FT. OR 

TYPE DEPTH SAMPLER CORE REC. 

r--0.0' Topsoil 
1.0' 

f- Very stiff gray and brown clay, 1A 1.0- 2.5 7- 8-ll 19 
r-- some silt, trace of sand, moist 

r-
5' 

(Becomes medium sti.ff at 4. 0') 2A 4.0- 5.5 3- 4- 6 10 

-
-

-

-
9.0' -

10' Medium stiff brown silt, clay, 1C 9. 0-11.0 24 11 

~ 
some 

trace of sand, moist 
-

-

-

- 14.6' 
15' """'---- Soft gray clay, some silt, some 3A 14.0-15.5 2- 2- 2 4 

- sand, trace of gravel, moist 

f-

f-

~· ~ 2C 19.0-21.0 24" 

r--
r--
f-

r-- (Becomes stiff at 24. 5') 

25' 
~-"-'---

4A 24.0-25.5 3- 5- 6 ll 

r--
f-

f-

'Jo• 3C 29.0-31.0 24" 

METHOD: Hollow Auger WATER OBSERVATIONS TYPE SAMPLER: 

INITIAL DEPTH: '" _X_ A. SPLIT SPOON 
TECHNICIAN: BK and CL 34.0' *''{ 

COMPLETION DEPTH: -- B. 

JOB NO.: 33767 (j 1) DEPTH AFTER: 0.2~RS 14,2' X c. SHELBY TUBE 

'' 4l.O'(medium); 43.0'(heavy) 
**Taken in augers. 

A - 26 

BOWSER- MORNER 
TESTING LA BORA TORIES, INC. 



LOG OF BORING NO. 9 - continued 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shmvn on boring location plan DATE STARTED: 10-11-82 

SURFACE ELEVATION: 606' DATE COMPLETED: 10-ll-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N" BLOWS 

NO. & SAMPLE 6" ON /FT. OR 
TYPE DEPTH SAMPLER CORE REC. 

~ 
r-
r-
r-

Ss· (Becomes very stiff at 34. 5') SA 34.0-35.5 5- 8-13 21 
I--
r-
r-

f- I ' 

'4o· 
I 

4C 39.0-41..0 0" 
1--

(Becomes hard at 41. 0') 
-

- 6A 41.0-42.5 20-26-30 56 

- 43.0' 

- Heathered dolomite and gypsum 7A 44.0-44.5 100/6" 100+ 

- Bottom of boring 44.5' 

-

-

-

-

-
-
-

-

r-
1--

r-
f-
r-
r-
1--

METHOD: Hollow Auger WATER OBSERVATIONS TYPE SAMPLER: 

~·~ X 
INITIAL DEPTH: -- A. SPLIT SPOON 

TECHNICIAN: BKand CL 
COMPLETION OEPTH:J4" Q 

1 

-- B. 

JOB NO.: 33767 (j 1) DEPTH AFTER: 
0.25 HAS14.2' X c. SHELBY TUBE 

* 4l.O'(medium); 43.0' (heavy) 
** Taken in augers. 

A - 27 

BOWSER- MORNER 
TESTING LABORATORIES, lNC. 



LOG OF BORING NO. 10 

NORTHERN OHIO TREATNENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan 

SURFACE ELEVATION: 604' 

STRATUM DESCRIPTION OF MATERIAL SAMPLE 
NO.& 
TYPE 

n.o• Topsoil 

~ 

0.5' Hard and brown silt and clay, lA gray 
r- trace of sand, damp 
'-

s' (Becomes stiff and moist at 4. 5') 2A 
-
-
-
~ 

- (Becomes stiff at 9. 5') 10' very 3A 
~ 

-

-
-

ls' 4A 
-
-

~ 

~ 

r--- 19.5' 

~ Nedium stiff gray clay, some SA 
silt, trace of sand, moist 

~ 

r---
-

24.5' -
25' Medium stiff gray clay, some silt, 6A - some sand, trace of gravel, moist 

-

-

-

""TO' 7A -

METHOD: Hollow Auger WATER OBSERVATIONS 

~" INITIAL DEPTH: 
TECHNICIAN: RG and TA 15. 3' 

COMPLETION DEPTH: 

JOB NO.: 33767 (j 1) DEPTH AFTER: HAS. 

'' 14.5'(trace); 49.5'(heavy) 

A - 28 

DATE STARTED: ll-16-82 

DATE COMPLETED: ll-16-82 

SAMPLE 
DEPTH 

1.0- 2.5 

4.5- 6.0 

9.5-11.0 

14.5-16.0 

19.5-21.0 

24.5-26.0 

29.5-31.0 

X --
X --

BLOINS PER "N" BLOWS 
6" ON /FT. OR 

SAMPLER CORE REC. 

9-14-22 36 

3- 5- 9 14 

5- 7-10 17 

5- 7- 8 15 

4- 4- 5 9 

4- 4- 5 9 

5- 7- 7 14 

TYPE SAMPLER: 

A. SPLIT SPOON 

•• NX wireline 

c. SHELBY TUBE 

BOWSER- MORNER 
TESTING LABORATORIES. INC. 



LOG OF BORING NO. 10 - continued 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 11-16-82 

SURFACE ELEVATION: 604' DATE COMPLETED: 11-16-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N" BLOWS 
NO.& SAMPLE 6" ON /FT. OR 
TYPE DEPTH SAMPLER CORE AEC. 

30' r-
f-

1--
f-

'35· 8A 34.5-36.0 5- 7- 8 15 
I--

1--
1--
f-

f-
40' 
~-

9A 39.5-41.0 10-20-22 42 

-
- (Hith trace of limestone fragments 

from 42.0') 
-

-· 
45. O' lOA 44.5-45.5 40-60/3" 100+ 

- Hard gray silt~ 8ome-clay, some 

- sand, trace of gravel, moist 

-

-

- 49.5' llA 49.5-50.0 100/2" 100+ 
50' Medium hard weathered gray shale ~ 

- with gypsum 

-

-

55• 
- lB 50.0-60.0 108" 

-

-

-
c-
-

Bottom of borino- at 60.0' 

METHOD: Hollow Auger WATER OBSERVATIONS TYPE SAMPLER: 

'" X 
RG and TA INITIAL DEPTH: -- A. SPLIT SPOON 

TECHNICIAN~ 

COMPLETION DEPTH: 
15.3' X 

•• 
NX wireline 

JOB NO.: 33767 (jl) 
DEPTH AFTE A· 

* 14.5' (trace); 49.5' (heavy) 

--

HAS. 

A - 29 

c. SHELBY TUBE 

BOWSER- MORNER 
TESTING LABORATORIES. iNC. 



ROCK CORle LOG 

Job No, ______ 3_3_7~6~7 ______ __ 

Date Logged_~1~2_-~l_-~8~2~---

Observer ____ ~J~KK~-----

604 , 
Surface Elevation--"~'----

Boring No. _____ 1±"'-0 ______ _ 

554
, 

Core Top Elevation--~.::!._ ___ _ 

C 108" ore Recovery ---"""'""'------

I Silurian/Tymochtee member of Bass Islands Formation 
Age(s) Formation(sl-----------~~--~------~~~~~~~~~~~~~~~~--

0% 
TOTAL Rock Quality Designation ( RQD) ------------------------------------------

Too highly fractured to count. 
TOTAL Fracture Frequency (FF) --------'---'---------------------

Depth(ft) Description Samole Recoverv 

Hedium hard white and gray gypsum and anhydrite lB 108" 
50.0 

shaly dolomite RQD ~ 0% 
FF ~ infinit 

Hard black fissile shale \Vi th some interbedded gyps m 

51. 3' and anhydrite, a few hi8hly weathered zones 

Bottom of boring at 60.0' 

e 

A - 30 
BOWSER-MORN ER 
Testing Laboratories, Inc. 



LOG OF WELL NO. 10 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION' As shown on boring locationSURFACE ELEVATION' 604.2 

DATE INSTALLED: plan TOP OF PIPE ELEVATION= 605.98 

TYPE OF PIEZOMETER ' 1 1/4" SCH 40 PVC with 0.010 1 1/4" x 3" point 

DATE DESCRIPTION WATER SURFACE WATER SURFACE 
DEPTH (FT.) ELEV. (FT.) INSTALLATION 

. 

DESCRIPTION DEPTH (FT.) 

11-16-82 14.3 589.9 

l-19-83 12.3 591.9 

2-3-83 lO. 2 594.0 r;= 2.0 

1---0.0 

Grout 

50.0' 
- Bedrock 

- 57.0' 

~ 

Screen -
: 

60.0 
Bottom of Boring 

TECHNICIAN RG and TA 
Guard pipe with locking cap installed. 

JOB NO. 33767 

A - 31 



LOG OF BORING NO. 11 

NORTHERN OHIO TREATMENT FACILITY- VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 10-6-82 

SURFACE ELEVATION: 600' DATE COMPLETED: l0-6-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N" BLOWS 

NO. & SAMPLE 6"0N /FT. OR 
TYPE DEPTH SAMPLER CORE REC. 

-?·O' Topsoil 
1.0' 

- Very stiff gray and brown silt and lA 1.0- 2.5 5- 7-11 18 
- clay, traces of sand, gravel and 
- organic material, moist 

4.0' -
Stiff brown 2A 4.0- 5.5 4- 5- 8 13 

L_ and gray clay and silt, 
trace of sand, moist 

-

-

-

10· 
(Becomes soft at 9.0') 3A 9.0-10.5 2- 1- 3 4 

-
-

-

-
r-

15.0' 
4A 14.0-15.5 3- 4- 6 10 

r-- Medium stiff gray silt, some clay, 
f- some sand, trace of gravel, moist 
r-
f-
r- SA 19.0-20.5 3- 4- 6 10 
20' F-
r-
r-
f-
- (Becomes stiff at 24.5') 6A 24.0-25.5 3- 5- 8 13 
25' """'----

-

-

-

3o• 7A 29.0-30.5 4- 6- 8 14 
-'---

METHOD: Hollow Auger WATER OBSERVATIONS TYPE SAMPLER: 

* X INITIAL DEPTH: -- A. SPLIT SPOON 
TECHNICIAN: BK and CL 

COMPLETION DEPTH: 41.5' -- B. 

JOB NO.: 33767 (j l) DEPTH AFTER: l9.0HRS. 9.2' c. SHELBY TUBE 

'' 14.0' & 19.0'(trace); 49.0'(heavy) BOWSER - MORNER 
TESTING LABORATORIES, INC. 

2815 A - 32 



LOG OF BORING NO. ll - continued 

NORTHERN OHIO TREATMENT FACILITY- VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 10-6-82 

SURFACE ELEVATION: 600' DATE COMPLETED: 10-6-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N" BLOWS 

NO. & SAMPLE 6" ON /FT. OR 
TYPE DEPTH SAMPLER CORE REC. 

30' r'--
r-
r-
r-
35' 

(Becomes very stiff at 35.0') SA 34.0-35.5 4- 7-14 21 -
c-

-

-
4o· (Becomes hard at 39. 5') 9A 39.0-40.5 8-15-28 43 
...;..:_ 

-

-

-
- 44.0' 
45' Hard gray silt, SOI_Ile sand, some lOA 44.0-45.5 30-45-55/4" 100+ 
-'"'---

gravel (gypsum), some clay, moist 
- (\olith trace of cobbles from 42-43') 

- 48.0' 
r- Gray weathered shale, wet 

rso· llA 49.0-49.5 100/5" 100+ 

I-- (Auger refusal at 51.0') 
r- Bottom of boring at 51.0' 
r-
r-
-

-
-
-
-

-_, 

METHOD: Hollow Auger WATER OBSERVATIONS TYPE SAMPLER: 

INITIAL DEPTH: * X SPLIT SPOON 
TECHNICIAN: BKand CL -- A. 

COMPLETION DEPTH: 41.5' -- B. 

JOB NO.: 33767 (j l) DEPTH AFTER: l9.0HAS. 9.2' c. SHELBY TUBE 

'' 14.0' & 19.0' (trace); 49.0'(heavy) BOWSER- MORNER 
TESTING LABORATORIES, INC. 

2815 

A - 33 



LOG OF WELL NO. 11 

NORTHERN OHIO TREATMENT FACILITY- VICKERY, OHIO 

BORING LOCATION' 
DATE INSTALLED: 

As shown on boring 
location plan 
10-8-82 

\ SURFACE ELEVATION' 

TOP OF PIPE ELEVATION, 

600.9 

602.35 

TYPE OF PIEZOMETER' 1 1/4" PVC, 3' well point 

DATE 

10-8-82 

10-11-82 

10-13-82 

10-14-82 

ll-18-82 

1-19-83 

2-3-83 

TECHNICIAN 

JOB NO. 

WATER SURFACE WATER SURFACE 
DEPTH (FT.) ELEV. (FT.) Remarks INSTALLATION 

. 

DESCRIPTION 
9.2 591.8 

9. 3 591.7 

12.0 588.9 

11.0 589.9 

9.7 591.3 

8.65 592.2 

7.3 593.6 Grout 

Bentonite 

Sand Filter 

Screen 

~ottom of Boring 

DESCRIPTION 

DEPTH (FT.) 

r;=l.S' 

1---

i= :: 
:: 

0.0 

43.0' 

45.0 

48.0 

51.0 

51.0 

Set well inside casing. Guard pipe set with flip top and lock. 
Placed cap on top of water pipe. 

BK and CL 

33767 (j 1) 

A - 34 



LOG OF BORING NO. 12 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 10-12-82 

SURFACE ELEVATION: 605' DATE COMPLETED: 10-12-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N" BLOWS 

NO. & SAMPLE 6" ON /FT. OR 

TYPE DEPTH SAMPLER CORE REC. 

_0.0' Topsoil 
0.5' 

Very stiff and brown silt and ~ gray 
clay, traces of sand and organic lA 1.0- 2.5 4- 6-10 16 

~ 

~ 

material, moist 

~ lC 4.0- 6.0 22 

r-
r-
r---
r- 9.0' 

~ Soft brown clay and silt, trace of 2A 9.0-10.5 2- 2- 3 5 
sand, moist 

r-
r-
r-
'-- 14.0' 
15' 

'-'=--
Soft gray clay, some silt, some sand, 2C 14.0-16.0 24 11 

trace of gravel, moist 
~ 

'-

-

- 3A 19.0-20.5 20' ..=--
1- 2- 2 4 

~ 

~ 

-

~ 

25' 3C 
-'='--

24.0-26.0 24" 

~ 

r---
r-

~o· 
(Becomes medium stiff at 29.5') 4A 29.0-30.5 2- 3- 6 9 

r=-

METHOD: Hollow Auger WATER OBSERVATIONS TYPE SAMPLER: 

* X 
INITIAL DEPTH: -- A. SPLIT SPOON 

TECHNICIAN: BK and CL 
COMPLETION DEPTH: 16.2' -- B. 

JOB NO.: 33767 (j 1) DEPTH AFTER:Q • 25 HR$.16.2 *' X c. SHELBY TUBE 

* 19.0'(trace); 42.0'(medium); 43.0' (heavy) 

** Taken in augers. 

A - 35 

BOWSER- MORNER 
TESTING LABORATORIES, INC. 



LOG OF BORING NO. 12 -continued 

NORTHERN OHIO TREATMENT FACILITY- VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 10-12-82 

SURFACE ELEVATION: 605' DATE COMPLETED: 10-12-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N" BLOWS 
NO.& SAMPLE 6" ON /FT. OR 
TYPE DEPTH SAMPLER CORE REC. 

30' p-

1-

r-
r-
1-

frr-- 4C 34.0-36.0 24 11 

r-
r-
1-

'w· (Becomes hard at 39. 5') SA 39.0-40.5 11-21-35 56 
r--
-

(With sand and 
- 43.0' 

gravel seam at 42.0') 

- Weathered dolomite 
- 6A 44.0-44.5 100/3" 100+ 
- Bottom of boring at 44.5' 
-

-
-

-
-
-

-
-

-

-
-

-
-
-

-

METHOD: Hollow Auger WATER OBSERVATIONS TYPE SAMPLER: 

* X 
INITIAL DEPTH: -- A. SPLIT SPOON 

TECHNICIAN: BK and CL 16.2' COMPLETION DEPTH: -- B. 

JOB NO.: 33767 (j 1) DEPTH AFTER: Q • 25 HRS16 • 2' ** X c. SHELBY TUBE 

* 19.0'(trace); 42.0'(medium); 43.0'(heavy) 
** Taken in augers. 

A ~ 36 

BOWSER- MORNER 
TESTING LA BORA TORIES, INC. 



LOG OF BORING NO. 13 

NORTHERN OHIO TREATMENT FACILITY- VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 1-26-83 

SURFACE ELEVATION: 606' DATE COMPLETED: 1-26-83 

STRATUM DESCRIPTION OF MATERIAL SAMPLE 
NO, & SAMPLE 
TYPE DEPTH 

_0.0' (FILL) Brown silt, some sand, 

- 0. 3' 
(FILL) Gray clay, silt, some traces lA 1. 0- 2,5 

- 2. 2' of sand and gravel, moist 

- Very stiff brown and gray clay, 

5' 
some silt, traces of sand and 
gravel, moist 2A 4.0- 5.5 

-·· 

-
-
-

- 9.0' 3A 9.0-10.5 
J..(L_ Stiff brown and gray silt, some 

clay, - some sand, trace of gravel, 
moist 

-
-

ls' 
=-t5.4' 

4A 14.0-15.5 

1- Hedium stiff gray silt, some clay, 

I- some sand, trace of gravel, moist 

r-
1- 19.0' 

SA ~ Medium stiff gray clay, some silt, 19.0-20.5 

I-
some sand, trace of gravel, moist 

1-
I-
~ 6A 24.0-25.5 25' -
-
,-

1-

i1D' (Becomes stiff at 29.5') 7A 9.0-30.5 -
METHOD: Hollow Auger WATER OBSERVATIONS 

INITIAL DEPTH: 14. 0' (heavy) X 
TECHNICIAN: BK and CL None 

COMPLETION DEPTH: --
JOB NO.: 

(il) 
0.25 None 

33767 DEPTH AFTER: HAS. 

A -37 

BLOWS PER "N"BLOWS 
s"ON /FT. OR 

SAMPLER CORE REC. 

6-12-12 24 

5- 8-11 19 

4- 7- 8 15 

4- 4- 4 8 

2- 3- 4 7 

3- 3- 4 7 

4- 6- 8 14 

TYPE SAMPLER: 

A. SPLIT SPOON 

B. 

c. SHELBY TUBE 

BOWSER - MORNER 
TESTING LABORATORIES. INC. 



LOG OF BORING NO. 13 - continued 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 1-26-83 

SURFACE ELEVATION: 606' DATE COMPLETED: 1-26-83 

STRATUM DESCRIPTION OF MATERIAL SAMPLE 
NO.& SAMPLE 
TYPE DEPTH 

~ 
~ 

f--
f--

'Js• (Becomes very stiff at 34. 5' ) 
~ 

SA 34.0-35.5 

~ 

r-
r-

"4o• 9A 39.0-40.5 

- (\-lith trace of rock fragments at 
- 41. O' 

39.0 to 40.5') 
- Apparent rock 

- (Auger refusal at 42.0') 

- Bottom of boring at 42.0' 

-
-
-

-
-

-
-
-

-
-

-
-

~ 

-

~ 

-

METHOD: Hollow Auger WATER OBSERVATIONS 

INITIAL DEPTH: 14. O' (heavy) X --
TECHNICIAN: BK and CL None 

COMPLETION DEPTH: --
JOB NO.: 33767 (j 1) 

0.25 None 
DEPTH AFTER: HAS. 

A - 38 

BLOWS PER "N"BLOWS 
6" ON /FT. OR 

SAMPLER CORE REC. 

6-10-13 23 

11-20-29 49 

TVPE SAMPLER: 

A. SPLIT SPOON 

•• 
c. SHELBY TUBE 

BOWSER - MORNER 
TESTJNG LABORATORIES. INC. 



LOG OF BORING NO. 14 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 10-13-82 

SURFACE ELEVATION: 610' DATE COMPLETED: 10-14-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N" BLOWS 

NO. & SAMPLE 6" ON /FT. OR 
TYPE DEPTH SAMPLER CORE REC. 

0.0' Topsoil 
r-0.5' 
f- Very stiff brown silt and clay, 

f--- traces of sand and organic material, lA 1. 0- 2.5 6-10-14 24 
moist 

1-

f- 4 .0' 
5' Very stiff brown and gray silt and 2A 4.0- 5.5 5-10-11 21 
r-
f-

clay, trace of sand, moist 

' 
1-

f---
10' 
r-"Tl.O' 

lC 9.0-11.0 20 11 

,-- Soft gray clay, some silt, some 
f- sand, trace of gravel, moist 
~ 

r-
Ll.s.!._ 3A 14.0-15.5 1- 2- 3 5 

~ 

~ 

~ 

To· 2C 19.0-21.0 24" -
~ 

-
~ 

(Becomes stiff at 24.0') 
-
25' 4A 24.0-25.5 5- 6- 8 14 

..::.;:_ 

-

-

-

f-

~ 
3C 29.0-31.0 24" 

METHOD: Hollow Auger WATER OBSERVATIONS TYPE SAMPLER: 

INITIAL DEPTH' 43" 5 ' (trace) X A. SPLIT SPOON 
-~ 

TECHNICIAN: BK and CL None 
COMPLETION DEPTH: -- B. 

JOB NO., 33767 (j 1) DEPTH AFTER: 0 • 25 HAS. None X c. SHELBY TUBE 

BOWSER- MORNER 
TESTING LABORATORIES, INC. 

A - 39 



LOG OF BORING NO. 14 -continued 

NORTHERN OHIO TREATMENT FACILITY- VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 10-13-82 

SURFACE ELEVATION: 610' DATE COMPLETED: 10-14-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N" BLOWS 

NO. & SAMPLE 6" ON /FT. OR 

TYPE DEPTH SAMPLER CORE REC. 

.;w.!..__ 

-

-

-

- (Becomes very stiff at 34.5') 
35' ~ SA 34.0-35.5 6- 8-14 22 

-

-

-

-

-4.0.-'-- 4C 39.0-41.0 24 11 

1-

1- 43.5' 
1- Gray weathered shale and gypsum 
1- 6A 44.0-44.5 100/5" 100+ 

1-- Bottom of boring at 44.5' 

1-
1-

1-
1-

1--
1-

1-

1-
-

-
-

-
-
-

-
METHOD: Hollow Auger WATER OBSERVATIONS TYPE SAMPLER: 

INITIAL DEPTH: 43 S'(tr:ace) _x__ A. SPLIT SPOON 
TECHNICIAN: BKand CL None 

COMPLETION DEPTH: -- B. 

JOB NO.: 33767 (j 1) DEPTH AFTER:~ HAS. None .x__ c. SHELBY TUBE 

BOWSER- MORNER 
TESTING LA BORATORfES, INC. 

A - 40 



LOG OF BORING NO. 15 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 11-19-82 

SURFACE ELEVATION: 610' DATE COMPLETED: 11-19-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE 
NO. & SAMPLE 
TYPE DEPTH 

1---0. O' 
1. 0' 

Topsoil 

r Stiff brown and gray clay and silt, lA 1.0- 2.5 
r- trace of sand, moist 

r 
r- 2A if. 0- 5.5 
fs.c-
r-
r-
r-
f-- (Becomes soft at 9. O') 

3A 9.0-10.5 
10' -f--
f--

r 4 ' f-- l .0 
15' Soft gray clay and silt, trace of 4A 14.0-15.5 - sand, moist 
r 
-

-

Zo' 
(Becomes very soft at 19.0') 

SA 19.0-20.5 
-
-
-
-
r 24.o' 

25' Soft gray clay, some silt, trace of 6A 24.0-25.5 
r- sand, moist 
-

-

- 29. O' 
~· Hedium stiff gray clay, some silt, 7A 29.0-30.5 30' =-- some sand, trace of gravel, moist 

METHOD: Hollow Auger WATER OBSERVATIONS 

INITIAL DEPTH: 42.0' (heavy) X 
TECHNICIAN: BK and CL --

COMPLETION DEPTH: 33. 0' --
JOB NO.: 33767 (j l) DEPTH AFTER: 0.5 HAJ.S.O' 

A - 41 

BLOWS PER "N" BLOWS 
6" ON /FT. OR 

SAMPLER CORE REC, 

4- 5- 7 12 

4- 5- 6 11 

2- 2- 3 5 

2- 2- 3 5 

1- 2- 1 3 

1- 1- 2 3 

2- 3- 4 7 

TYPE SAMPLER: 

"· SPLIT SPOON 

8. 

c. SHELBY TUBE 

BOWSER- MORNER 
TESTING LA BORA TORIES. INC. 



LOG OF BORING NO. 15 - continued 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 11-19-82 

SURFACE ELEVATION: 610' DATE COMPLETED: 11-19-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE 
NO. & SAMPLE 
TYPE DEPTH 

3..Q.!_ 

-

-

-

f--
35' SA 34.0-35 0 5 
i=- (Becomes hard at 35 0 5') 
t--
-

-

-
4.Q.!_ (With rock fragments at 40. O') 9A 39.0-40.5 

f-- 41.5' lOA 41.5-42.5 

f-- Hard gray silt; some clay, some 

f-- sand, trace of gravel (with 

t-- gypsum and limestone fragments), 
moist 

r---- (Auger refusal at 42.5') 
f-- Bottom of boring at 42.5' 
r-
f--

~ 

~ 

1-

r-
'-
-

-
. -

-

-
-
-

METHOD: Hollow Auger WATER OBSERVATIONS 

INITIAL DEPTH: 43.0' (hea~2 X 
TECHNICIAN: BK and CL 

--

33.0' COMPLETION DEPTH: --
JOB NO.: 33767 (j 1) DEPTH AFTER: 0.5 HAS. 

18.0' 

A - 42 

BLOWS PER ''N"BLOWS 
6" ON /FT. OR 

SAMPLER CORE AEC. 

7-13-20 33 

12-25-55 80 

70-30/2" 100+ 

TVPE SAMPLER: 

A, SPLIT SPOON 

•• 
c. SHELBY TUBE 

BOWSER - MORNER 
TESTING LABORATORIES. INC. 



LOG OF BORING NO. 16 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 1-26-83 

SURFACE ELEVATION: 606' DATE COMPLETED: 1-27-83 

STRATUM DESCRIPTION OF MATERIAL SAMPLE 
NO. & SAMPLE 
TYPE DEPTH 

t--0.0' (FILL) Gray clay, some silt, some 

1. 5' sand, trace of gravel, moist 
f- lA 1.0- 2.5 Very stiff brown and clay and f- gray 

f- silt, traces of sand and gravel, 

fsi 4.0' moist 
2A 4.0- 5.5 

t-- Very stiff brown and gray silt, 

f- some clay, some sand, trace of 

f-
gravel, moist 

f-

f- (Becomes medium stiff at 9. O') 
3A 9.0-10.5 10' p-

f-

f-

f-

'ls· 4A 14.0-15.5 
t--
f-
f-

f-
f- 19.0' 
20' Soft gray clay and silt, traces of SA 19.0-20.5 r"-

sand, and gravel, wet 
f-

f-
f-
;-- 24.0' 

;2.5..!_ 
Medium stiff gray clay, some silt, 6A 24.0-25.5 
some sand, trace of gravel, moist 

-
r-

f-

SO· r=-- (Becomes stiff at 29.5') 7A 29.0-30.5 

METHOD: Hollow Auger WATER OBSERVATIONS 

TECHNICIAN: BK and CL 

JOB NO.: 33767 (j 1) 

* 14.0'(trace); 4l.O'(heavy) 
}'o'{ Taken in augers 

* X 
INITIAL DEPTH: --

15.0'''* 
COMPLETION DEPTH: --

0.5 15.0'. * 
DEPTH AFTER: HAS. 

A - 43 

BLOWS PER "N"BLOWS 
6"0N /FT. OR 

SAMPLER CORE REC. 

6- 8-13 21 

7-10-13 23 

3- 4- 4 8 

2- 3- 3 6 

2- 2- 3 5 

2- 4- 6 10 

3- 5- 8 13 

TVPE SAMPLER: 

... SPLIT SPOON 

B. 

c. SHELBY TUBE 

BOWSER- MORNER 
TESTING LABORATORIES. INC. 



LOG OF BORING NO. 16 - continued 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: l-26-83 

SURFACE ELEVATION: 606' DATE COMPLETED: l-27-83 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N"BLO~ 

NO.& SAMPLE 6" ON /FT. OR 
TYPE DEPTH SAMPLER CORE REC. 

3.Q.C_ 

-

-

-

t- (Becomes very stiff at 34.5') 
5' SA 34.0-35.5 6- 9-16 25 =--

-

-

-

CO· 9A 39.0-40.5 19-34-40 74 
f'-'--

~ 42.0' 

t-
Apparent rock 

t- (Auger refusal at 44.0') 

r-- Bottom of boring at 44.0' 

t-
-
-
-
-
-
-
-
-

-
-
-

-
-
-

METHOD: Hollow Auger WATER OBSERVATIONS TYPE SAMPLER: ,, X 
INITIAL DEPTH: -- A. SPLIT SPOON 

TECHNICIAN: BK and CL 15.0'** 
COMPLETION DEPTH: B. 

JOB NO.: 33767 (j l) 

* l4.0'(trace); 4l.O'(heavy) 
*)~ Taken in augers. 

DEPTH AFTER: 

--
0. 5HAS15. 0' * 

A - 44 

c. SHELBY TUBE 

BOWSER - MORNER 
TESTING LABORATORIES. INC. 



LOG OF BORING NO. 17 

NORTHERN OHIO TREATMENT FACILITY- VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: ll-16-82 

SURFACE ELEVATION: 604' DATE COMPLETED: ll-18-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N"BLOWS 
NO.& SAMPLE 6" ON /FT, OR 
TYPE DEPTH SAMPLER CORE REC. 

r--?·O' TOpsoil 
0.5' Very stiff gray and brown clay and 1-

1- silt, traces of sand and organic lA 1.0- 2.5 6- 9-13 22 

'-
material, moist 

-
5' 
~ 

2A 4.5- 6.0 6- 9- 8 17 

- 6.5' 

,--- Medium stiff gray and brown silt 

1-
and clay, trace of sand, moist 

c-
~ 3A 9 .5-ll. 0 2- 3- 3 6 

-
-
-
-,14.5' 

4A 14.5-16.0 2-l2._ Soft gray clay, some silt, traces 2- 3 5 

- of sand and gravel, moist 

t-
t-
IW,l9.s' SA 19.5-21.0 1- 2- 2 4 
f-- Soft gray clay, some silt, some 

t- sand, trace of gravel, moist 

1-

t-
,..--
25' 6A 24.5-26.0 4- 4- 5 9 -
-
,. 
1-

1-)o, 7A 29.5-31.0 4- 5- 5 10 
-

METHOD: Hollow Auger WATER OBSERVATIONS TYPE SAMPLER: 

* X 
INITIAL DEPTH: -- "· SPLIT SPOON 

TECHNICIAN: RG and TA 14.0' COMPLETION DEPTH: x__ •• NX wireline 
JOB NO.: 33767 (j l) DEPTH AFTER: 12 HRS15 • 8' c. SHELBY TUBE 

* 9.0' (light); 43.0' (heavy) 

A - 45 

BOWSER - MORNER 
TESTING LABORATORIES. INC. 



LOG OF BORING NO. 17 - continued 

N01THERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: ll-16-82 

SURFACE ELEVATION: 604' DATE COMPLETED: 
ll-18-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N" BLOWS 

NO. & SAMPLE 6" ON /FT. OR 

TYPE DEPTH SAMPLER CORE REC. 

30' -
-
-
-

~ 
(Becomes stiff at 34.5') SA 34.5-36.0 6- 6- 7 13 

-
-
-
- 39.5' 
40' 
-'---- Hard gray clay, some silt, some 9A 39. 5-41. 0 11-14-18 32 

-
sand, trace of gravel, moist 

- -- --

-
r- 44.5' 

!45.0' Hard gray silt, some clay, 
lOA 44.5-45.0 100/4" 100+ 

some 

1--- sand, trace of gravel (with 

r- gy!'sum), moist lB 45.0-50.0 45" 

r- Hedium hard gray shaley dolomite 

So' =-
r-
r--
-
-
55' 

2B 50.0-60.0 114" 

-"-='----

-
-
-

6o· 
""""----

METHOD: Hollow Auger WATER OBSERVATIONS TYPE SAMPLER: 

INITIAL DEPTH: ~~ _x_ A. SPLIT SPOON 

TECHNICIAN: RG and TA 14.0' 
COMPLETION DEPTH: __.lL B. NX wire line 

JOB NO.: 33767 (j 1) DEPTH AFTER: 12 HRS15.8' c. SHELBY TUBE 

* 9.0'(light); 43.0'(heavy) 

A - 46 

BOWSER- MORNER 
TESTING LABORATORIES. INC. 



LOG OF BORING NO. 17 - continued 

NORTHERN OHIO TREATMENT FACILITY- VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 11-16-82 

SURFACE ELEVATION: 604' DATE COMPLETED: 11-18-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE 
NO. & 
TYPE 

BLOWS PER 
e" ON 

SAMPLER 

"N"BLOWS 
/FT. OR 

CORE REC. 

60' ""'---
,--

1--
'-

65' -
-
,-

I--
r---
70' "-"'--

-

-
-
-
.l..5.!.-

-
-
-

-
SO' =-
-

-
-
r--
~ 
1-
i

r--

~· r:'-

METHOD: 

TECHNICIAN: 

JOB NO.: 

Hollow Auger 

RG and TA 

33767 (jl) 

* 9.0'(light); 43.0' (heavy) 

SAMPLE 
DEPTH 

3B 60.0-70.0 

4B 70.0-80.0 

5B 80.0-90.0 

WATER OBSERVATIONS 

* INITIAL DEPTH: ______ _ 

14.0' 
COMPLETION DEPTH:_.=_.:~-::-.--

12 15.8' 
DEPTH AFTER: HAS. 

A - 47 

X 

100" 

120" 

120" 

TYPE SAMPLER: 

A. 

•• 
c. 

SPLIT SPOON 

NX wireline 

SHELBY TUBE 

BOWSER- MORNER 
TESTING LA BORA TORIES. INC. 



LOG OF BORING NO. 17 - continued 

NORTHERN OHIO TREATMENT FACILITY- VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 11-16-82 

SURFACE ELEVATION: 604' DATE COMPLETED: 11-18-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE 
NO,& 
TYPE 

BLOWS PER 
6"0N 

SAMPLER 

"N" BLOWS 
/FT. OR 

CORE REC, 

90' ...:::...:,_ 

-

-

-
-
..2..L 
-
-

-

lOO' -=..:..:.... 

-
-

f-

!Tos• 
f-
f-

r---
1-

'11o' 
f--
r---
r---
'-
-
115' -==--

-
-
-
'12o' ...:=..::.... 

METHOD: 

TECHNICIAN: 

JOB NO.: 

Hollow Auger 

RG and TA 

33767 (jl) 

* 9.0'(light); 43.0'(heavy) 

6B 

7B 

8B 

WATER OBSERVATIONS 

* 

SAMPLE 
DEPTH 

90.0-100.0 

100.0-110 

110.0-120 

X 
INITIAL DEPTH: ______ _ 

14. 0' COMPLETION DEPTH: _-=:_.:_:c:o_-:-. 

DEPTH AFTER: 12 HRS. 15 • 8' 

A- 48 

_x_ 

120" 

120" 

118" 

TYPE SAMPLER: 

A. SPLIT SPOON 

B. NX wireline 

c. SHELBY TUBE 

BOWSER - MORNER 
TESTING LABORATORIES. INC. 



LOG OF BORING NO. 17 - continued 

NORTHZRN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTEO: ll-16-82 

SURFACE ELEVATION: 604' DATE COMPLETED: ll-18-82 

STRATUM 

120' 
~ 

-
~-

-
-

-
-

-
-
-
-
-
-

-
-

-
-
t
t
I-
f-
t
t
t
t-

1---
t-

1--
1-
t
f--

METHOO: 

TECHNICIAN: 

JOB NO.: 

DESCRIPTION OF MATERIAL SAMPLE 
NO.& 
TYPE 

SAMPLE 
DEPTH 

9B 120.0-125 

Bottom of boring at 125.0' 

Hollow Auger 

RG and TA 

33767 (jl) 

WATER OBSERVATIONS 

* INITIAL DEPTH: ______ _ 

14.0 ' COMPLETION DEPTH: --''-'-'~-;;0 12 15.8' 
DEPTH AFTER: HAS. 

X 

X 

* 9.0' (light); 43.0' (heavy) 

A - 49 

BLOWS PER 
&"ON 

SAMPLER 

TYPE SAMPLER: 

"N"BLOWS 
/FT. OR 

CORE REC. 

60 11 

... SPLIT SPOON 

•• NX wireline 

c. SHELBY TUBE 

BOWSER - MORNER 
TESTING LA BORA TORIES. INC. 



ROCK CORE LOG 

33767 Job No. ________________ __ 17 
llor i ng No. ---------------------

12-1-82 Date Logged ___________ ___ 559 , 
Core Top Elevation ___ ~~~----

Observer ______ ~JLK~K~------- Core Recovery _________ ~~~"------

604' Surface Elevation ____ ~~ 

Age(s)/Formation(s) __ ~S=i=l=u=r=i=a~n~/=T~y=m=o~c=h~t~e~e~m~e~m~b~e~r~o~f~B~a~s~s~I=s~l~a~n~d~s~F~o~r~m~a~t~l~·o~n~---

TOTAL Rock Quality Designation (RQD) ______ ~3~3~%~(~f~r~o~m~5~0~t~o~l~2~5~f£e£e~tLl ______ __ 

from 85 to 125' only, 7. 5 fractures/ ft. 
TOTAL Fracture Frequency (FF) ------------------------------------

Depth ( f t) Description 

45.0 Medium hard gray and white shale, gypsum and 
anhydrite, some highly weathered zones 

50.0 Hard gray fine grained dolomite with occasional 
interbeds of gypsum and anhydrite 

52.5 (0.5'::- thick weathered zone) 

55.0 Hard black fissile shale, occasional interbeds of 
gypsum and anhydrite and weathered zones 

56. O' (1 foot weathered zone) 

60. 0' 

62.0 Hard weathered black fissile shale with occasional 
interbeds of gypsum and anhydrite 

70. 0' 

80.0 

A- 50 

Sample Recovery 

lB 45" 
RQD ~ 0% 

2B 114" 
RQD ~ 14~~ 

3B 100" 
RQD ~ 16% 

4B 120" 
RQD ~ 6% 
FF ~ 10/f 

5B 120" 
ROD ~ 35;, 

BOWSER-MORNER 
Testing Laboratories, [nc. 



ROCK COR!c LOG 

[bN 33767 
- 0 0. --"'""'-'-"'-'------- 13 or in g No . ---ll.-7'--"-~"-" <;+ga,...t;tJ,i <><>.YY.<!9.<ld--

Date Logged -~1"-'2"-'-~lc:-:::8,_2"---
559' 

Co~e Top Elevation __ ~~------

Observer -----~J'-'K"'K"'-----
917" Core Recovery _________ ~~------

604 , 
Surface Elevation __ ~~ 

Age(s)/Formation(s)_~S~i~l~u~r~i~a~n~/~T~ym~o~c~h~te~e_m~e~m~b~e~r~o~f~B~a~s~s~I~s~l~a~n~d~s~Fso~r~m~a~
t~i~o~n __ ___ 

33% (from 50 to 125 feet) 
TOTAL Rock Qua 1 it y Des ig na t ion ( RQ D ) -=::c_~="'--='--'"'--.-=-:~-"-'~=---'---------

from 85 to 125' only 7.5 fractures/ft. 
TOTAL Fracture Frequency (FF) ~~~~~~~~~~~~~~~~~~~~~~~----

Depth(ft) Description 

Hard massive gray and white dolomite with shale 

84.0 partings, occasional thin gypsum 

90.0 

99.0 Hard gray and brown dolomite with gypsum partings 

100.0 

101.3 (2' zone of dark brown gypsum spheres) 

103.0 Hard gray fine-grained massive dolomite with 

occasional shale partings 

109.5 Alternating thin hard black fissile shale, gray 

dolomites and soft white gypsum with some weathere< 

zones 

110.0 

116.0 (Begin 2' zone of very small dark brown gypsum 

spheres) -

A - 51 

Sample !Recovery 

6B 120" 
RQD = 55% 
FF = 5/ft. 

7B 120" 
RQD = 63% 
FF = 4/ft 

8B 118" 
RQD = 44% 
FF = 5/ft. 

BOWSER-MORNER 

Testing Laboratories. Inc. 



Job No. ___ 3_3_7_67 ____ _ 

12-l-82 Date Logged _________ ___ 

Observer ____ J_K_K ____ _ 

604' 
Surface Elevation------

ROCK CORE LOG 

17 - continued Boring No. ____________ _ 

559' Core Top Elevation ________ __ 

917" Core Recovery __________ _ 

Age(s)/Formation(s) __ S~i~l~u~r~l~·a=n~/T~ym==o~c~h~t~e~e~m~e~m~b:e~r~o~f~B~a~s~s~I~s~l~a~n~d~s~F~o~r~rn~a~t~i~o~n~---

TOTAL Rock Quality Designation (RQD) __ 3~3_% __ (~f~r~o~m~S~O~t~o-=l=2=5-=f=e=e=t)~--------

TOTAL Fracture Frequency (FF) ____ f_r~o~m--=8=5-=t=o-=l=2=5_'-=o=n~l~y~7~·~5~f~r~a~c=t~u~r~e~s~/~f~t=·---

Depth(ft) Description 

120.0 

Bottom of boring at 125.0' 

A - 52 

Sample Recovery 

9B 60" 
RQD = 26% 
FF B/ft 

BOWSER-MORNER 
Testing Laboratories, Inc. 



LOG OF BORING NO. 18 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 10-12-82 

SURFACE ELEVATION: 607' DATE COMPLETED: 10-13-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE 
NO. & SAMPLE 
TYPE DEPTH 

r--?·0' (FILL) Crushed stone 
1.0' 

1- Very stiff brown and gray silt and lA 1.0- 2.5 
1- clay, traces of sand, gravel and 
1- organic material, moist 

1--- (Becomes 

fL-
stiff at 4.5') 2A 4.0- 5.5 

1-

1-

1---
1-
10' 3A 9.0-10.5 
1--

-
~ 

-
- 14.0' 
15' Very soft gray clay, some silt, 4A 14.0-15.5 
~ 

trace of sand, (with 1/2" brown 
- silt seams throughout sample), moist 
-
-

- 19.0' 
~ Very soft gray clay, traces of silt SA 19.0-20.5 

and sand, wet 
-

-
-

1- 24.0' 

~ Soft gray clay, some silt, traces of 6A 24.0-25.5 
sand and gravel, wet 

-

-

-

Jo' 
(Becomes moist at 29.0') 

=- 7A 29.0-30.5 

METHOD: Hollow Auger V•ATER OBSERVATIONS 

INITIAL DEPTH)4. 0 1 (heavy) X 
TECHNICIAN: BK and CL 

JOB NO.: 33767 (j 1) 

** 
* 

Taken in augers at 19.0' 
Taken in augers. 

COMPLETION DEPTH: 22 • Q 
1 ,, 

--

DEPTH AFTER: 15 • 5 HAS. 12.2'*' 

A - 53 

BLOWS PEA "N" BLOWS 
6"0N /FT. OR 

SAMPLER CORE AEC. 

3- 7-10 17 

3- 5- 6 11 

2- 2- 3 5 

1- 1- 2 3 

1- 1- 2 3 

2- 1- 3 4 

1- 2- 2 4 

TYPE SAMPLER: 

A. SPLIT SPOON 

B. 

c. SHELBY TUBE 

BOWSER- MORNER 
TESTING LABORATORIES, INC 



LOG OF BORING NO. 18 - continued 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 10-12-82 

SURFACE ELEVATION: DATE COMPLETED: 
10-13-82 

607' 

STRATUM DESCRIPTION Of MATERIAL SAMPLE 
NO. & SAMPLE 
TYPE DEPTH 

30' 
f"-'--
r-
r-
r-
r- 34.0' 

SA 34.0-35.5 35' Very stiff gray clay and silt, some f""---
sand, trace of gravel, moist r-

r-
r--
ft;o. (Becomes hard at 39.5') 9A 39.0-40.5 
r-
r-
r--
r- 44.0' 

lOA 44.0-45.0 
~ ' Hard gray silt, some clay, some ~5.\ sand, traces of gravel and gypsum, 
- moist 
- Weathered dolomite 

- (Auger refusal at 46.0') 
Bottom of boring at 46.0' -

-
-
-
-
-
-
-

-

-

-
-

METHOD: Hollow Auger WATER OBSERVATIONS 

IN<TIAL OEPTHo 24. Q' (heavy) X 
TECHNICIAN: BK and CL 22.0'* 

--
COMPLETION DEPTH: --

JOB NO.: 33767 (j 1) DEPTH AFTER: 15.5 HRS12. 2' ** 
**Taken in augers.at 19.0' 
* Taken in augers. 

A - 54 

BLOWS PER "N"BLOWS 
6" ON /FT. OR 

SAMPLER CORE REC. 

4- 7- 11 18 

11-22-39 61 

70-30/1" 100+ 

TYPE SAMPLER: 

A. SPLIT SPOON 

B. 

c. SHELBY TUBE 

BOWSER - MORNER 
TESTING LA BORA TORIES, INC. 



LOG OF BORING NO. 19 

NORTHERN OHIO TREATHENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 10-19-82 

SURFACE ELEVATION: 611" DATE COMPLETED: 10-20-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N" BLOWS 

NO. & SAMPLE 6"0N /FT. OR 

TYPE DEPTH SAMPLER CORE AEC. 

_0.0' Very stiff brown and gray clay 
and silt, traces of sand and 

-
organic material, moist lA 1.0- 2.5 4- 9- 9 18 

-

-

-
.L_ 2A 4.0- 5.5 9-13-14 27 

f-
f- lC 7.0- 9.0 24" 
r-

fJ:"o' 
9.0' 

tledium stiff brown silt and clay, 3A 9.0-10.5 3- 4- 5 9 

f-- trace of sand, wet 
r-
r-
f-

• 
r- 4A 14.0-15.5 3- 3- 3 6 

15.0' 
~ Hedium stiff gray silt and clay, 
r- trace of sand, moist 
f-

r- 19.0' 

'2o• oott gray c.Lay, some SLtt, some SA 19.0-20.5 0- 1- 3 4 
P"-- sand, trace of gravel, moist 

'-

-
f-
'--- 6A 24.0-25.5 2- 3- 5 8 
25' -==--
-
- 2C 27.0-29.0 24 11 

-
-
~ 7A 29.0-30.5 0- 4- 5 9 

METHOD, Hollow Auger WATER OBSERVATIONS TYPE SAMPLER' 

INITIAL DEPTH: 7.0' X A. SPLIT SPOON 

TECHNICIAN: TA and RF 5.5' 
COMPLETION DEPTH: X B. NX wire 

JOB NO.: 33767 (j 1) DEPTH AFTER: HAS. 
X c. SHELBY TUBE 

BOWSER- MORNER 
TESTING LABORATORIES, INC. 

A - 55 



LOG OF BORING NO. 19 - continued 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 10-19-82 

SURFACE ELEVATION: 611' DATE COMPLETED: 10-20-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N" BLOWS 

NO. & SAMPLE 6" ON /FT. OR 

TYPE DEPTH SAMPLER CORE REC, 

30' 
r--
r--
f--

~ 

~ SA 34.0-35.5 5- 6- 8 14 
35' ,..__.... 
f--
~ 

~ 

~ 

40' =-- 9A 39.0-40.5 3- 5- 8 13 

~ 

~ 

~ 

"7C.44.0' 
45' Hard gray silt, some clay, traces lOA 44.0-45.5 12-21-35 - 56 

of sand and gravel, moist 
~ 

~ 

~ 

~ ' llA 49.0-49.5 100/3" 100+ 
r---29·0 

Medium hard broken brown shaley 
r-- dolomite lB 50.0-53.0 33 11 

r--
r-
r--
55' 2B r-- 53.0-58.0 54" 

f--

r-
r--
lou' 1--

METHOD: Hollow Auger WATER OBSERVATIONS TYPE SAMPLER: 

INITIAL DEPTH: ] "Q 
1 X A. SPLIT SPOON 

~~ 

TECHNICIAN: TA and RF 
COMPLETION DEPTH: 5.5' _X_ B. NX wire 

JOB NO.: 33767 (j 1) DEPTH AFTER: HAS. 
X c. SHELBY TUBE 

BOWSER- MORNER 
TESTING LABORATORlES, INC. 

A - 56 



LOG OF BORING NO. 19 - continued 

NORTHERN OHIO TREATMENT FACILITY- VICKERY, CHID 

BORING LOCATION: As shown on boring location plan DATE STARTED: 10-19-82 

SURFACE ELEVATION: 611' DATE COMPLETED: 10-20-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N" BLOWS 
NO. & SAMPLE 6" ON /FT. OR 

TYPE DEPTH SAMPLER CORE REC. 

~ 
r--
r--
I- 3B 58.0-68.0 117" 

f---

..6..L_ 

-

-

-

- 4B 68.0-70.0 24" 

- Bottom of boring at 70.0' 
-

-
-

-

-
-

-
I-
I-

-
-

-

-

-

r-
I-

r--
I-

r--
r-

METHOD' Hollow Auger WATER OBSERVATIONS TYPE SAMPLER: 

INITIAL DEPTH: 7 • Q' X A. SPLIT SPOON --
TECHNICIAN: TA and RF 5.5' X NX wire 

COMPLETION DEPTH: -- B. 

JOB NO.: 33767 (j 1) DEPTH AFTE A: HAS. 
X c. SHELBY TUBE 

BOWSER- MORNER 
TESTING LABORATORIES, INC. 

A- 57 



( 

ROCK CORE LOG 

33 7 6 7 .Job No. __ ...:._ ______ _ Boring No. ____ __:1::.;9:._ ____ _ 

11-1-82 
lla te Logged _ __c::.::....::.....::...:.___ 561' 

Core Top Elevation _______ _ 

228" 
JKK Observer ___ _:_:.::._ ___ _ Core Recovery __________ _ 

611' 
Surface Elevation ___ ~ 

Age(s)/Formation(s)_~U~p~p~e~r~S~~~·l~u~r~i~a~n~/~T1ym~o~c~h~t~e~e~------------------

29% 
TOTAL Rock Quality Designation (RQD) ____________________ _ 

TOTAL Fracture Frequency (FF) _______ ...:._N~o~t-=c~a~l~c~u~l~a~t~e~d...:._ ________ _ 

Depth(ft) Description 

50.0 
Hard weathered black shale with gypsum along 
bedding planes 

52.5 Soft massive white gypsum with shale partings 

53.0 

53.5 Hard black shale, occasional gypsum, occasional 

weathered zones 

Hard interbedded black and white shale and gypsum, 

58.0' appears clastic in zones, small s-cale faults with 

offset 

68.0 

Bottom of boring at 70. O' 

. 

A - 58 

Sample fRecoverv 

lB 33'' 
RQD = 0% 

2B 54" 
RQD = 27% 

3B 117" 
RQD = 32% 
~~ C'o 

4B 24" 
RQD = 58% 
FF = 2/ft. 

80WSER-MORNER 

Testing Laboratories, [nc. 



LOG OF BORING NO. 20 

NORTHERN OHIO TREATMENT FACILITY- VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 11-24-82 

SURFACE ELEVATION: 610' DATE COMPLETED: 11-24-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE 
NO.& SAMPLE 
TYPE DEPTH 

_O.O' Topsoil 
1.0' 

- Medium stiff brown clay and silt, lA 1.0- 2.5 - . trace of sand, moist 
-
- 4.0' 
_'L_ Medium stiff brown and gray clay 2A 4.0- 5.5 

- and silt, trace of sand, moist 

-

-
-

3A 9.0-10.5 10' =-
-

- 12.0' 
Medium stiff gray clay, some silt, -
trace of sand, moist 

- 4A 14.0-15.5 
~ 

-

-

-
-::-. 19.0' 
20' Medium stiff gray clay, some silt, SA 19.0-20.5 -=- some sand, trace of gravel, moist 
-
-

-
(With trace of gravel at 24.0') -

..zs..:_ 6A 24.0-25.5 

-

-
-
JO' """"-- 7A 29.0-30.5 

METHOD: Hollow Auger WATER OBSERVATIONS 

INITIAL DEPTH; 9 O' (beay~) _x__ 
TECHNICIAN: BK and DU 20.0' COMPLETION DEPTH: --
JOB NO.: 33767 (j 1) DEPTH AFTER: 1. ~ •. 0.4' 

A - 59 

BLOWS PER "N"' BLOWS 
6" ON /FT. OA 

SAMPLER CORE REC. 

2- 4- 5 9 

3- 3- 5 :1 

3- 4- 5 9 

2- 3- 3 6 

2- 3- 4 7 

2- 4- 4 8 

11-22-30 52 

TYPE SAMPLER: 

... SPLIT SPOON 

•• 
c. SHELBY TUBE 

BOWSER - MORNER 
TESTING LABORATORIES. INC. 



LOG OF BORING NO. 20 - continued 

NORTHERN OHIO TREA111ENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 11-24-82 

SURFACE ELEVATION: 610' DATE COMPLETED: 11-24-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N"BLOWS 
NO. & SAMPLE 6" ON /FT. OR 
TYPE DEPTH SAMPLER CORE REC, 

~ (Becomes stiff at 30.5') 
1-

1-

f--

'---- SA 34.0-35.5 11-22-30 52 
35' (Becomes hard at 35.0') r=-
1-

1-

1--
1-

~ 9A 39.0-40.5 12-28-41 69 

1- 41.0' 

1--
Apparent rock 
(Auger Refusal at 41.5') - Bottom of boring at 41.5' 

-
-
-
-
-

-
-
-

-
-
1-

f--
1--
1-

1-

1--
f--

METHOD: Hollow Auger WATER OBSERVATIONS TYPE SAMPLER: 

TECHNICIAN: BK and DU INITIAL DEPTH: 2. 0' (heav:,c) _X_ A. SPLIT SPOON 

COMPLETION DEPTH: 
20.0' 

JOB NO.: 33767 (j 1) DEPTH AFTER: 
1. 75 

HAS. 
0.4' 

A - 60 

-- B. 

c. SHELBY TUBE 

BOWSER - MORNER 
TESTING LABORATORIES. INC. 



LOG OF BORING NO. 21 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As sho'Wil on boring location plan DATE STARTED: 11-19-82 

SURFACE ELEVATION: 612' DATE COMPLETED: 
11-19-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N"BLOWS 
NO. & SAMPLE 6" ON /FT. OA 
TYPE DEPTH SAMPLER COAE AEC. 

~0.0' Topsoil 

- 0.5' 
Very stiff and brown silt and gray lA 1.0- 2.5 8-10-12 22 

r- clay, traces of sand and organic 

- material, moist 

5' 2A ~ 4.5- 6. 0 ' 4- 4- 5 9 
-
-

r-

To' 9.5' 3A 9. 5-11.0 2- 3- 4 7 
~ Medium stiff gray clay and silt, 

trace of sand with intermittent 
-

l/16"-l/8"wet fine sand seams from 
- 10.5'), moist 
-

l5' 14.5' 
~ Medium stiff gray clay, some silt, 4A 14.5-16.0 2- 3- 3 6 
- traces of sand and gravel, moist 

-

r-
~9.5' SA 19.5-21.0 3- 4- 4 8 

Medium stiff gray clay, some silt, 
some - sand, trace of gravel, moist 

-
-
- (Becomes 25' stiff at 24.5') 6A 24.5-26.0 4- 5- 7 12 
-
-

-

-

3o• 7A 29.5-31.0 4- 6- 8 14 
~ 

METHOD: Hollow Auger WATER OBSERVATIONS TYPE SAMPLER: 

TECHNICIAN: RG and TA 
INITIAL DEPTH: lQ, 5' (lightl _x_ A. SPLIT SPOON 

COMPLETION DEPTH: 
None 

JOB NO.: 33767 (jl) DEPTH AFTE A: HAS. 

A- 61 

-- B. 

c. SHELBY TUBE 

BOWSER - MORNER 
TESTING LABORATORIES. INC 



LOG OF BORING NO. 21 -continued 

NORTHERN OHIO TREATMENT FACILITY- VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan 

SURFACE ELEVATION: 612' 

STRATUM DESCRIPTION OF MATERIAL SAMPLE 
NO. & 
TYPE 

30' ..::..:;__ 

-
r-

-

-:35' (Becomes very stiff at 34.5') SA 
-
-

- 37.0' 

- Gray weathered dolonitic shale 
(Auger refusal at 38.0') 

- Bottom of boring at 38.0' 
-
-
-

-
-

-
-
r-
r-
f-

r--
r-
f-

r-
-
--
,-

f-

r-
'---

METHOD: Hollow Auger WATER OBSERVATIONS 

,N,TIAL DEPTH10 • 5' (light) 
TECHNICIAN: RG and TA None 

COMPLETION DEPTH: 

JOB NO.: 33767 (j 1) DEPTH AFTER: HRS. 

A - 62 

DATE STARTED: 11-19-82 

DATE COMPLETED: 11-19-82 

SAMPLE 
DEPTH 

34.5-36.0 

x __ 

--

BLOWS PER "N'' BLOWS 
6"0N /FT. OR 

SAMPLER CORE REC, 

10-14-16 30 

TYPE SAMPLER: 

A. SPLIT SPOON 

B. 

c. SHELBY TUBE 

BOWSER- MORNER 
TESTING LABORATORIES. INC. 



LOG OF BORING NO. 22 

~ORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 10-11-82 

SURFACE ELEVATION: 610' DATE COMPLETED: 10-11-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N"BLOWS 
NO. & SAMPLE 6" ON /FT. OR 
TYPE DEPTH SAMPLER CORE REC. 

----?·0' Topsoil 
l. O' 

- Very stiff brown and gray silt and lA 1.0- 2.5 7- 8-13 21 
- clay, traces of sand and organic 

1- material, moist 

fs> lC 4.0- 6.0 24" 
f--

1-

1-

1-

f--
9. O' 

10' Soft gray clay and silt, trace of 2A 9.0-10.5 1- 2- 2 4 
F- sand (with 1/2" brown silt seams 
r- throughout sample), moist 
r-
f--
1- 14.0' 

f.r-:L- Soft gray clay, some silt, some 2C 14.0-16.0 24" 

r- sand, trace of gravel, moist -

f--
r-

Czo• 
f---

3A 19.0-20.5 1- 2- 3 5 

1-

1-

f--
'-

25' 3C 24.0-26.0 24" 
-
-

-

-

30' 
(Becomes stiff at 29. 5') 

4A 29.0-30.5 3- 5- 6 11 -

METHOD: Hollow Auger WATER OBSERVATIONS TYPE SAMPLER: 

INITIAL DEPTH: 11.0' (heavy) X A. SPUT SPOON 
TECHNICIAN: BK and CL --

COMPLETION DEPTH: 19 • 8 1 
-- 8. 

JOB NO.: 33767 (j 1) DEPTH AFTER: l.OHRS. 18.5' X c. SHELBY TUBE 

BOWSER- MORNER 
TESTING LABORATORIES, INC. 

2815 A - 63 



LOG OF BORING NO. 22 -continued 

NOZTHERN OHIO TREATMENT FACILITY - VICKERY 
' 

OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 10-11-82 

SURFACE ELEVATION: 610' DATE COMPLETED: 10-11-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N" BLOWS 
NO. & SAMPLE 6" ON /FT. OR 
TYPE DEPTH SAMPLER CORE AEC, 

30' 
"'-"-----

-

-

-

~ (vii th cob b1es at 34.5 to 35. O') 4C 34.0-34.5 6" 

1--
(Becomes hard at 35.0') SA 34.5-36.0 7-34-10 44 

1--
f---

rw· 6A 39.0-40.5 15-25-75/5" 100+ 
r----z; 1. 0 ' 
1-- Weathered dolomite, wet 
f---

f---

1-- 7A 44.0-45.5 100/9" 100+ 
- Bottom of boring at 45.0' -
~ 

f---

-
-

-
-

-
-
-
-
-

-

-
-
-

METHOD: Ho11mv Auger WATER OBSERVATIONS TYPE SAMPLER: 

INITIAL DEPTH: 11. 0' (heavy) X A. SPLIT SPOON 
TECHNICIAN: BK and CL --

19.8' 
COMPLETION DEPTH: -- B. 

JOB NO.: 33767 (j 1) DEPTH AFTER: 1. Q HAS. 18.5' X c. SHELBY TUBE 

BOWSER- MORNER 
TESTING LABORATORIES, INC. 

2615 A - 64 



LOG OF BORING NO. 23 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 11-18-82 

SURFACE ELEVATION: 618' DATE COMPLETED: 11-19-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N"BLOWS 
NO. & SAMPLE 6" ON /FT. OR 
TYPE DEPTH SAMPLER CORE REC. 

r---0. O' (FILL) Stiff brown and gray silt 

' 
and clay, traces of sand, gravel anc 
organic material, moist 

r-- lA 1.0- 2.5 7- 8-11 19 

- 3. 5' 

5' (FILL) Medium stiff gray and brown 

- clay and silt, trace of sand, moist 2A 4.5- 6.0 3- 4- 5 9 

- 6.5' 
- (FILL) Medium stiff dark gray clay 

c- and silt, traces of sand and 

- organic material, moist 

10' 
ll.O' 

3A 9.5-11.0 2- 3- 4 7 

1-- Very stiff gray and brown clay and 
f- silt, trace of sand, moist 
t--
f-

~ 
4A 14.5-16.0 7-14-15 29 

1--
r--
r--

r-- 2 ' 
(With 6-8" 1 wet black organic matter 

1----" 0. 0 at 19.5') SA 19.5-21.0 4- 4- 4 8 

Medium stiff gray and brown clay 
r-- and silt, trace of sand with 1/16" 
r-- fine sand seams, moist 
r--
- 24.5' 

6A 24.5-26.0 0- 3- 2 5 
25' Soft gray clay, some silt, with 

- intennittent 1/16-1/8" gray fine to 
- coarse sand seams, moist 

- 29.5' 
c- Medium stiff gray clay, some silt, 

So.:_ some sand, trace of gravel, moist 7A 29.5-30.0 3- 3- 3 6 

METHOD: Hollow Auger WATER OBSERVATIONS TYPE SAMPLER: 
19.5' (light) X 

INITIAL DEPTH: ... SPLIT SPOON 
TECHNICIAN: RG and TA 

JOB NO.: 33767 (j 1) 

24.4' 
COMPLETION DEPTH: 

DEPTH AFTER: HRS. 

A - 65 

--
-- B. 

c. SHELBY TUBE 

BOWSER- MORNER 
TESTING LABORATORIES. INC. 



--
lOG 0!' 80R!!\JG NO. 23 - continued 

NORTHERN OHIO TREATHENT FACILITY - VICKERY, OHIO 
-=~·~. 

BORING LOCATION: As shown on boring location plan DATE STARTED: ll-18-82 

SURFACE ELEVATION: 618' 
DATE COMPLETED: ll-19-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOYVS PER "N" BLOWS 

NO.& SAMPLE 6" ON /FT. OR 

TYPE DEPTH SAMPLER CORE REC. 

30' 
i-"--"-

r-
--

C--

JS' SA 34.5-36.0 2- 4- 3 7 

r---
r--· 
,-

c-
'-
40' 
~ 

9A 39. 5-41. 0 3- 4- 4 8 

r-
c-
-

4s• (Becomes hard at 44.5') 

-
lOA 44.5-46.5 8-13-19 32 

-
' -- I 

--

-
50' -"'--

llA 49.5-51.0 8-16-18 34 

-

-
53.0 

1-- Medium-hard gray weathered 

r- gypsiferous shale l2A 54.5-55.0 110 I 6" 110+ 

r--- 55.0' Bottom of boring at 
r-
r-
1-

1--
f---

METHOD: 
Hollow Auger WATER OBSERVATIONS TYPE SAMPLER: 

TECHNICIAN: RG and TA 
INITIAL DEPTH: 19 • 5 1 {light} _x_ A. SPLIT SPOON 

COMPLETION DEPTH: 
24.4' 

JOB NO.: 33767 (j l) DEPTH AFTER: HAS. 

A - 66 

-- B. 

c. SHELBY TUBE 

BOWSER- MORNER 
TESTING LABORATORIES., IHC. 



LOG OF BORING NO. 23 - continued 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 11-18-82 

SURFACE ELEVATION: 618' DATE COMPLETED: 11-19-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N"BLO~ 

NO. & SAMPLE 6"0N /FT. OR 
TYPE DEPTH SAMPLER CORE REC. 

30' r"'-
1-
;---

;---

"Is• SA 34.5-36.0 2- 4- 3 7 
r---
;---

;---
;---

1- 9A 39.5-41.0 3- 4- 4 8 40' r=--
1-
1-
;---

7s• (Becomes hard at 44.5') 
~ 

lOA 44.5-46.5 8-13-19 32 

-
-
-

- 11A 49.5-51.0 8-16-18 34 SO' --'-"'---

-

-
53.0 

;--- Medium-hard gray weathered 
1- gypsiferous shale 12A 54.5-55.0 110/6" 110+ 
r--- Bottom of boring at 55.0' 
;---

-
-

-

f----

METHOD: Hollow Auger WATER OBSERVATIONS TYPE SAMPLER: 

RG and TA INITIAL DEPTH: 19.5' (light} _x_ A. SPLIT SPOON 
TECHNICIAN: 

COMPLETION DEPTH· 
24.4' 

JOB NO.: 33767 (j 1) DEPTH AFTER: HAS. 

A - 66 

-- 8. 

C. SHELBY TUBE 

BOWSER- MORNER 
TESTING LABORATORiES. INC. 



LOG OF BORING NO. 24 

NORTHERN OHIO TREATMENT FACILITY- VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 11-18-82 

SURFACE ELEVATION: 6os• DATE COMPLETED: 11-18-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N" BLOWS 
NO. & SAMPLE 6" ON /FT. OR 
TYPE DEPTH SAMPLER CORE REC. 

_o.o• Topsoil 
0.5' 

Very stiff and brown clay and - gray lA 1.0- 2.5 6- 8-12 20 
r-- silt, trace of sand, moist 

-

5' 
4.5' - 2A 4.5- 6.0 7-11-14 25 - Very stiff gray and brown silt, 

- some clay, trace of sand, moist 

c-

r-

To· (Becomes medium stiff at 9. 5') 3A 9.5-11.0 3- 4- 5 9 
--±0.5' 
- Medium stiff gray clay, some silt, 

- traces of sand and gravel, moist 

-

- 4A 14.5-16.0 1- 3- 5 8 
15' -
-
-

-

2lL SA 19.5-21.0 2- 4- 5 9 

-
-

-
- 24.5' 
25' Stiff gray clay, some silt, some 6A 24.5-26.0 4- 5- 6 11 
- sand, trace of gravel, moist 
-
-
-

30' 7A 29.5-31.0 4- 5- 7 12 -
METHOD: Hollow Auger WATER OBSERVATIONS TYPE SAMPLER: 

INITIAL DEPTH· 4.5'(trace) X A. SPLIT SPOON 
TECHNICIAN: RG and TA 

JOB NO.: 
337f>7 ( i 1) 

None 
COMPLETION DEPTH: 

DEPTH AFTER:. HAS. 

A - 67 

-- B. 

c. SHELBY TUBE 

BOWSER- MORNER 
TESTING LA 80RATORIES. INC. 



LOG OF BORING NO. 24 - continued 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: ll-18-82 

SURFACE ELEVATION: 605' DATE COMPLETED: ll-18-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N" BLOWS 
NO. & SAMPLE &"ON /FT. OR 
TYPE DEPTH SAMPLER CORE REC. 

.3J:L 
~ 

~ 

-· 

35' SA 34.5-36.0 6- 8-ll 19 
-
~ 

~ 

~ 

~ 

..ffJL_ 9A 39. 5-41.0 7-10-14 24 

~ 

~ 42.5' 
~ Hard gray silt, some clay, some 
~ sand, trace of gravel, contains 

--'-----" 5 . 0 ' gypsum, moist lOA 44.5-45.5 50-50/3" 100+ 

~ 
Gray weathered shale '"i th gypsum 

~ 

Bottom of boring at 45.5' 

~ 

~ 

-
~ 

~ 

~ 

~ 

-
~ 

,-
1-
f--

-
METHOD: 

Hollow Auger WATER OBSERVATIONS TYPE SAMPLER: 

RG and 
INITIAL DEPTH: 4. 5' (trace) X A. SPLIT SPOON 

TA ~-

TECHNICIAN: None 
COMPLETION DEPTH: ~- •• 

JOB NO.: 3376 7 (j l) DEPTH AFTER:. HAS. c. SHELBY TUBE 

BOWSER - MORNER 
TESTING LABORATORIES. INC. 

A - 68 



LOG OF BORING NO. 25 

NO !l.THERl'l OHIO TREATMENT FACILITY- VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 10-13-82 

SURFACE ELEVATION: 610' DATE COMPLETED: 10-13-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N" BLOWS 

NO. & SAMPLE 6" ON /FT. OR 

TYPE DEPTH SAMPLER CORE REC. 

r-0.0' (FILL) Brown silt, trace of sand, 
0 5' moist ,.- . 

l1ediurr. stiff brown and gray silt lA 1.0- 2.5 2- 4- 6 10 
r-- and clay, traces of sand and gravel, 
r-- 4.0' moist 
-

Stiff brown and silt and clay, 
2A 4.0- 5.5 3- 5- 8 13 

.5.!.__ 
gray 

traces of sand and organic material, 
-

7.0' moist 
- Stiff gray and brown clay and silt, lC 7.0- 9.0 20 19 

- trace of sand, moist 

lo' =-
3A 9.0-10.5 2- 7- 8 15 

-

-

-
14.0' -

15' Stiff gray silt, some clay, some 4A 14.0-15.5 3- 5- 7 12 
~ 

sand, trace of gravel, moist 
-

. 

r--
r--

2C 17.0-19.0 24" 

r-- (Becomes medium stiff at 19.5') SA 19.0-20.5 2- 3- 5 8 
~ 
r--
r-
r--

~s· 
(Becomes stiff at 24.5') 

6A 24.0-25.5 3- 5- 6 11 
r-
r--
i---

i---
3C 27.0-29.0 24" 

r--
30' 
~ 

7A 29.0-30.5 3- 6- 7 13 

METHOD: Hollow Auger WATER OBSERVATIONS TYPE SAMPLER: 

BK and CL 
INITIAL DEPTH:~- _x__ A. SPLIT SPOON 

TECHNICIAN: 
COMPLETION DEPTH: 30.7' * B. --

JOB NO.: 33767 (j 1) DEPTH AFTER Q • 25 HRS22 • 4 ~·, 
X C. SHELBY TUBE 

* Taken in augers. BOWSER - MORNER 
TESTING LA BORA TORIES, INC. 

A - 69 



LOG OF BORING NO. 25 - continued 

NORP!ERN OHIO TREATMENT FACILITY- VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 10-13-82 

SURFACE ELEVATION: 610' DATE COMPLETED: 10-13-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PEA "N"BLOWS 

NO. & SAMPLE 6" ON /FT. OR 

TYPE DEPTH SAMPLER CORE AEC. 

' 
30' """'--

1-

1-

1-

1-

~ 
SA 

I 

34.0-35.5 4- 5- 7 12 

1-

f-

1--
I '4o· (Becomes very stiff at 39.5') 

1----
9A 39.0-40.5 5-10-15 25 

f-

1-

1-
~ 

(Becomes hard at 44.0') 
45' lOA 44.0-45.5 20-26-47 73 
~ 

~ 

. 

- 47.5' 
- Weathered dolomite and gypsum, wet 
- llA 49.0-49.5 100/1" 100+ 

- Bottom of boring at 49.5' 

-

-

-

-

-
-

1-

1-

1-

1----

METHOD: Hollow Auger WATER OBSERVATIONS TYPE SAMPLER: 

INITIAL DEPTH: 17 .0' (heavy) X A. SPLIT SPOON --
TECHNICIAN: BK and CL 30.7'* 

COMPLETION DEPTH: -- B. 

JOB NO.: 33767 (j 1) DEPTH AFTERQ • 25 HAS. 22.4' X 
c. SHELBY TUBE 

·k Taken in augers. BOWSER- MORNER 
TESTING LABORATORIES, INC. 

A - 70 



LOG OF BORING NO. 26 

NORTHERN OHIO TREAT!1ENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 1-27-83 

SURFACE ELEVATION: 613' DATE COMPLETED: 1-27-83 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N'' BLOWS 
NO, & SAMPLE &"ON /FT. OR 
TYPE DEPTH SAMPLER CORE REC. 

_o.o• (FILL) Brown silt, some sand, some 
1. O' clay, traces of gravel and organic - material, moist lA 1. 0- 2.5 6- 5-12 17 

c-- (FILL) Very stiff gray and brown 
- clay~ some silt, some sand, trace 
- 4.0 of gravel, moist 
5..C.- (FILL) !1edium stiff brown silt, 2A 4.0- 5.5 17- 4- 2 6 

- some sand, traces of gravel and 
organic material, moist 

r- (Becoliles very stiff at 8.5') 
!-

e.- 3A 9.0-10.5 7- 8-13 21 _10.0' 
Stiff brown and gray clay and silt, - traces of sand, gravel and organic - material, moist 

-

iS• 4A 14.0-15.5 4- 6- 7 13 -
-
-

-

25' 19.7' SA 19.0-20.5 5- 7- 8 15 
- Stiff gray clay and silt, some 

- sand, moist 

-
-

-
_25.0 

6A 24.0-25.5 3- 4- 7 11 

Stiff gray silt, some clay, some 
- sand, trace of gravel, moist 
-

-

JO' 7A 29.0-30.5 5- 7- 8 15 
-

METHOD: Hollow Auger WATER OBSERVATIONS TYPE SAMPLER: 

INITIAL DEPTH: 24.0' (trace) __ X 
"· SPLIT SPOON 

TECHNICIAN: BK and CL None 
COMPLETION DEPTH: -- .. 

JOB NO.: 
33767 ( il) DEPTH AFTER:Q• 25 H RJ.'Jone c. SHELBY TUBE 

BOWSER- MORNER 
TESTING LA BORA TORIES. INC. 

A - 71 



LOG OF BORING NO. 26 - continued 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As sho-wn on boring location plan DATE STARTED: 1-27-83 

SURFACE ELEVATION: 613' DATE COMPLETED: 1-27-83 

STRATUM DESCRIPTION OF MATERIAL SAMPLE 
NO. & SAMPLE 
TYPE DEPTH 

30' r---
r--
r-
r-
r-
35' 
r"--

8A 34.0-35.5 

r-
r--
r-
r-- (Becomes very stiff 

~ 
at 39. 5') 9A 39.0-40.5 

r-
f-

r-
f-
45' r=-- lOA 44.0-45.5 

~ 

-
'-

49. O' llA 49.0-49.5 so• Hard gray silt, some sand, some 
----so. 5' clay, trace of gravel, moist 
- Apparent rock 
- (Auger refusal at 51.5') 
- Bottom of boring at 51.5' 
-

-
-

-

-

-
-

METHOD: Hollow Auger WATER OBSERVATIONS 

INITIAL DEPTH: 
24. 0' (trace) X --

TECHNICIAN: BK and CL None 
COMPLETION DEPTH: --

JOB NO.: 33767 (j 1) 
0.25 None 

DEPTH AFTER: HRS. 

A - 72 

BLOWS PER "N"BLO'NS 
6" ON /FT. OR 

SAMPLER CORE REC. 

5- 6- 9 15 

5- 8-10 18 

5-10-18 28 

100/6" 100+ 

TYPE SAMPLER: 

A. SPLIT SPOON 

B. 

c. SHELBY TUBE 

BOWSER- MORNER 
TESTING LA BORA TORIES. INC. 



LOG OF BORING NO. 27 

NORTHER'{ OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan 

SURFACE ELEVATION: 610' 

STRATUM DESCRIPTION OF MATERIAL SAMPLE 
NO.& 
TYPE 

f--0.0' Topsoil 
0.5' 

Hard dark brown silt and clay, r-

1- 2 .0' traces of sand and organic material lA 

1-
moist 
Hard gray and brown clay and silt, 

1- traces of sand and gravel, moist 2A 
~ (Becomes medium stiff at 4. 5') 
1-

1-

1-
1-
10' 
~0.5' 

3A 

- Medium stiff gray clay, some silt, 

c-- some sand, trace of gravel, moist 

-
-
.l..5.C_ 

4A 

-
-
-
- SA 20' 
~ 

-
-
-

-
.2l._ 6A 

-

-
-

3o· -"-"'--
7A 

METHOD: Hollow Auger WATER OBSERVATIONS 

INITIAL DEPTH * 
TECHNICIAN: RG and RA 42.5' 

COMPLETION DEPTH: 

JOB NO.: 33767 (j l) 
DEPTH AFTER· HAS. 

4.5'(trace); 29.S'(medium) 

A- 73 

DATE STARTED: 11-11-82 

DATE COMPLETED: 11-15-82 

SAMPLE 
DEPTH 

1.0- 2.5: 

4.5- 6.0 

9.5-11.0 

14.5-16.0 

19.5-21.0 

24.5-26.0 

29.5-31.0 

X --

--

BLOWS PER "N" BLOWS 
6"0N /FT. OR 

SAMPLER CORE REC, 

9-16-18 34 

4- 4- 4 8 

3- 4- 4 8 

4- 4- 4 8 

3- 4- 5 9 

4- 4- 5 9 

4- 5- 5 10 

TYPE SAMPLER: 

A. SPLIT SPOON 

B. 

C. SHELBY TUBE 

BOWSER - MORNER 
TESTING LABORATORIES. INC. 



LOG OF BORING NO. 27 - continued 

NORTHERN OHIO TREATMENT FACILITY -VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 11-11-82 

SURFACE ELEVATION: 610' DATE COMPLETED: 11-15-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N"BLOWS 
NO.& SAMPLE 6" ON /FT. OR 
TYPE DEPTH SAMPLER CORE REC. 

f-JlL 
r-
r-
r-

~5' (Becomes very stiff at 34.5') SA 34.5-36.0 4- 8- 9 17 
r=-
r-
r-
r-

~ 9A 39.5-41.0 26-28-31 59 

r- 42.0' 

r- Gray shaley dolomite with gypsum. 

r-
lOA 43.0-43.5 100 I 2" 100+ 

r- Bottom of boring at 43. 5' 

f---

,-

r-
r-
'--

-
r-
r-
-

-

-
-

-
-
r-

-

METHOD: Hollow Auger WATER OBSERVATIONS TYPE SAMPLER: 

~~:- X SPLIT SPOON INITIAL DEPTH: -- A. 
TECHNICIAN: RG and TA 42.5' COMPLETION DEPTH: -- .. 
JOB NO.: 

3376 7 ( il) DEPTH AFTER HAS. c. SHELBY TUBE 

'' 4.5' (trace); 29.5' (medium) 
BOWSER- MORNER 
TESTING LABORATORIES. INC. 
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LOG OF BORING NO. 28 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan 

SURFACE ELEVATION: 6ll' 

STRATUM DESCRIPTION OF MATERIAL 

____ 0.0' Topsoil 
-- 0 · 5 ' I-:H~a-r-d~g-r--ay---a-n~d~b_r_o_wn---c~l-a_y __ a_n_d~s-1~.l~t--,-

- trace of sand, moist 

-
--
s..c__ 

--

--

--

--
1 O' 
"""--
--
--

--
~4.5' 

--
--
--

ZO' 
r--'--
r-
r-
--
--
25' ~ 

--
--
--

JO' 
~ 

(Becomes very stiff at 4.5') 

(Hith trace of 1/16" fine sand 
lenses at 9.0') 

Stiff gray clay, some silt, some 

sand~ trace of gravel, moist 

(Becomes medium stiff at 29.5') 

SAMPLE 
NO. & 
TYPE 

lA 

2A 

3A 

4A 

SA 

6A 

7A 

METHOD: Hollow Auger WATER OBSERVATIONS 

'"' 

DATE STARTED: ll-10-82 

DATE COMPLETED: 11-ll-82 

BLOWS PER 
SAMPLE 6" ON 
DEPTH SAMPLER 

1.0- 2.5 15-23-25 

4.5- 6.0 5- 8-12 

9.5-11.0 5- 7-10 

14.5-16.0 4- 4- 7 

19.5-21.0 4- 5- 6 

24.5-26.0 4- 5- 6 

29.5-31.0 2- 5- 5 

TYPE SAMPLER: 

"N"BLOWS 
/FT. OR 

CORE REC. 

48 

20 

17 

ll 

ll 

11 

10 

INITIAL DEPTH: ____________ __ 

RG and TA 
X A. SPLIT SPOON 

TECHNICIAN: 

JOB NO.: 33767 (jlO 

,., 4.5'(1ight); 1;4.5'(heavy) 

COMPLET<ON DEPTH 23.0' 
16.25 18.0' 

DEPTH AFTER· HAS. 

A - 75 

.. 
C. SHELBY TUBE 

BOWSER- MORNER 
TESTING LABORATORIES. INC. 



LOG OF BORING NO. 28 - continued 

NORTHr,RN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 11-10-82 

SURFACE ELEVATION: 611' DATE COMPLETED: ll-11-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N" BLOWS 
NO. &. SAMPLE 6" ON /FT. OR 
TYPE DEPTH SAMPLER CORE REC. 

~ 

-
-
-

- (Becomes very stiff at 34.5') 
35' SA 34.5-36.0 6- 8- 9 17 =-
-

-

-

4o• (Becomes hard at 40.0') 9A 39.5-41.0 8-17-19 36 
-
-

-

-
44.5' 

- Gray weathered shale,)ith gypsum 
- and 1" sand seam wet lOA 44.5-45.0 100/5" 100+ 

Bottom of boring at 45.0' 
-

f--

f--

f--

f----

f--

f--

f--

1--

1---
f--

1--
f--
f--

f----

METHOD: Hollm,r Auger WATER OBSERVATIONS TYPE SAMPLER: 

'~ X 
INITIAL DEPTH: -- A. SPLIT SPOON 

TECHNICIAN: RG and TA 23.0' COMPLETION DEPTH: -- B. 

JOB NO.: 33767 (j 1) 16.25 18.0' 
DEPTH AFTER: HAS. c. SHELBY TUBE 

'' 4.5'(1ight); 44.5'(heavy) BOWSER - MORNER 
TESTING LABORATORIES, INC. 

A - 76 



LOG OF BORING NO. 29 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 10-18-82 

SURFACE ELEVATION: 611' DATE COMPLETED: 10-19-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N" BLOWS 

NO. & SAMPLE 6" ON /FT. OR 
TYPE DEPTH SAMPLER CORE REC. 

_0.0' Topsoil 

- l. 5' lA 
Very stiff brown silt, 

l.O- 2.5 7-10-19 29 
- some clay, 

some 
-

sand, damp 

5' 
- lC 4.0- 6.0 1811 

6.0' 
- 2A 6.0- 7.5 17-19-13 32 

Hard gray and brown silt, some clay, 
-

some sand, trace of gravel, damp 
-

lO' 3A 9.0-10.5 5- 6-ll 17 
-
-

-

-
- 14.0' 

4A 14.0-15.5 3- 6- 6 12 15' Stiff gray silt and clay, 
~ 

some 
sand, trace of gravel, moist 

-

f-

f-
f- SA 19.0-20.5 3- 4- 6 10 
f2lL 
f-

f-

f-
- 2C 23.0-25.0 24" 

.2.L.... 6A 25.0-26.5 4- 5- 6 ll 
-

-· 

-

JO' 
~ 

7A 29.0-30.5 3- 5- 6 ll 

METHOD: Hollow Auger WATER OBSERVATIONS TYPE SAMPLER: 

INITIAL DEPTH: 
42.5' (heavy) X A. SPLIT SPOON --

TECHNICIAN: TA and RF 
COMPLETION,OEPTH: 13.0' ·A _X_ B. NX ~vire 

JOB NO.: 5 min. ll. 0' '"' X 
33767 ( il) DEPTH AFTER: HAS. c. SHELBY TUBE 

After coring BOWSER- MORNER 
Taken in augers at 44' depth before coring. TESTING LABORATORIES, INC. 

A - 77 



LOG OF BORING NO. 29 - continued 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 10-18-82 

SURFACE ELEVATION: 611' DATE COMPLETED: 10-19-82 

STRATUM 

~ 

-

r
r-

"15· 
1--

r---
I-

f--

r-- 39. 5' 

~ 

r- 42.5' 

DESCRIPTION OF MATERIAL 

Hard brown silt, some clay, some 

sand, trace of gravel, damp 

SAMPLE 
NO.& 
TYPE 

SA 

9A 

~ Gray fractured dolomite 

~· 1--

r
r
r-
,._. 
SO' r=-
r-
~ 

r-
r-

flli-.. 
r-
f--

-

6o• 
f--

METHOD: Hollow 

lB 

2B 

Auger WATER OBSERVATIONS 

SAMPLE 
DEPTH 

34.0-35.5 

39.0-40.5 

44.0-48.0 

48.0-58.0 

INITIAL DEPTH: 
1,2. 5' (heavy) X --

TECHNICIAN: TA and RF 13. O' "· 
COMPLETION DEPTH· 

X 
--

JOB NO.: (j 1) 
5 miD 11 0' , -;, 

33767 DEPTH AFTER: ____ -~RS. __ ._ X 
·--

'" After coring 

.,,n-, Te1ken in augers at Lr-4' depth hefo-e 
L coring. 

A - 78 

BLOWS PER 
6" ON 

SAMPLER 

3- 3- 5 

"N"BLOWS 
/FT. OR 

CORE REC. 

8 

10-60-30/3" 90+ 

48" 

120" 

TYPE SAMPLER: 

A. SPLIT SPOON 

NX \Yire 
B. 

c. SHELBY TUBE 

BOWSER- MORNER 
TESTING LABORATORIES, INC. 



LOG OF BORING NO. 29 - continued 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 10-18-82 

SURFACE ELEVATION: 611' DATE COMPLETED: 10-19-32 

STRATUM 

60' -=-=---

DESCRIPTION OF MATERIAL SAMPLE 
NO. & 
TYPE 

SAMPLE 
DEPTH 

- 3B 58.0-64.0 
-

-

-

-

-
-

-

-
-
--

-

-

-
-

-

1--
1-

r----
1--

1--

1--
-

-
-

-

-
-

-

METHOD: 

TECHNICIAN: 

JOB NO.: 

Bottom of boring at 64.0' 

Hollow Auger 
WATER OBSERVATIONS 

TA and RF 
INITIAL DEPTH.__it_2.._~_5' (heavy) 

13. 0' ,., 
COMPLETION DEPTH 

33767 (jl) DEPTH AFTER 5 min'HRS 11.0'"~''. -·--- ·----

* After coring 

Taken i.n augers at 44' depth bc~f.ore coring. 

A - 79 

X 

X 

X 

BLOWS PER 
6" ON 

SAMPLER 

TYPE SAMPLER: 

"N" BLOWS 
/FT. OR 

CORE REC. 

64" 

A. SPLIT SPOON 

NX ;,vire 
B. 

C. SHELBY TUBE 

BOWSER - MORNER 
TESTING LABORATORIES, INC. 



ROCK CORE LOG 

nor i ng No. -----'2"-9"---------

Date Logged __ l'-'Oc-:.c229.::-28.&2 __ 567' Core Top Elevation _ _::...::_: ____ _ 

232" 
Observer ____ ~J~K~K~---- Core Recovery-----------

611' 
Surface Elevation ____ _ 

Silurian/Tymochtee member of Bass Islands Formation 
Age(s)/Formation(s)-~~~~~~~~~~~~~~~~~~~~~~~~~~~-

---

40% 
TOTAL Rock Quality Designation (RQD) __ ~~--------------------

5 per foot 
TOTAL Fracture Frequency (FF) 

Depth(ft) Description Sample ~ecoverv 

44.0' 
Hard black shale with massive gypsum in fractures lB 48" 
and voids ROD ~ 60% 

FF ~ 3/ft. 

47.2 Soft massive buff shaley gypsum 

48.0 2B 120" 
RC)D ~ 55% 
FF ~ 4.5/ft. 

49.0 Hard black shale with massive gypsum veins 

50.7 Soft massive white gypsum interbedded with black 
shale, appears clastic in part 

54.2 Becomes hard 

57.5 Hard fine grained buff dolomite with thin gypsum 

laminae 

58.0 3B 64" 
RQD ~ 

~;Fe FF -

58. 7 Begin finding open voids parallel with bedding 
lined with crystalline gypsum 

63.3 Hard massive black shale with flow structures 

BottoTT1 of boring at 64.0' 

A - 80 
£JOWSER-MORNER 



LOG OF WELL NO. 29 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION' 

DATE INSTALLED: 

As shown on boring 
location plan. 
10-19-82 

SURFACE ELEVATION' 

TOP OF PIPE ELEVATION, 
610.3 

612.68 

TYPE OF PIEZOMETER' 1 1/4" SCH 40 PVC with 1 1/4" x 3', 0.010 slot screen 

DATE 
WATER SURFACE WATER SURFACE 

DEPTH (FT.) ELEV. (FT.) 
INSTALLATION DESCRIPTION 

DESCRIPTION DEPTH (FT.) 

10-19-82 Flushed aft r setting. 

10-20-82 19.3 591.0 

1-19-83 16.25 594.0 = 2.0' 

2-03-83 15.5 594.8 1- --0.0' 

Grout 

44.0' (collar 

Bedrock 

- 60.5 

-
Screen 

- 63.5 

Bottom of Boring 
.___ ... ___ 64.0 

Guardpipe with locking cap installed 

TECHNICIAN TA and RF 

JOB NO. 33767 (j l) 

A - 81 



lOG OF BORING NO. 30 

NOR~HERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: ll-18-82 

SURFACE ELEVATION: 610' DATE COMPLETED)l-18-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PEA "N"BLOWS 
NO. & SAMPLE 6"0N /FT. OR 
TYPE DEPTH SAMPLER CORE REC. 

0.0' Topsoil -
1.0' - Very stiff brown clay and silt, lA 1.0- 2.5 5- 7-10 17 

- trace of sand, moist 
1--

4.0. 
5' Stiff brown and gray clay and 2A 4.0- 5.5 4- 6- 7 13 

- silt, traces of sand and gravel, 
-

moist 
-

-

-
3A 9.0-10.5 4- 7- 6 13 10' ~ 

-

-

-
14.0' 

ls' Medium stiff gray clay, some silt, 4A 14.0-15.5 3- 3- 4 7 
- some sand, trace of gravel, moist 
1--

r-
r-
1--

fz.lL- SA 19.0-20.5 2- 3- 4 7 

r-
1--
-

-
25' 6A 24.0-25.5 3- 4- 4 8 
-
-

-
-
"3D' (Becomes stiff at 30.0') 7A 29.0-30.5 3- 4- 7 ll 
-

METHOD: Hollow Auger WATER OBSERVATIONS TYPE SAMPLER: 

INITIAL DEPTH~]. Q
1 

(heavy) X A. SPLIT SPOON --
TECHNICIAN: BK and CL 24.6 

COMPLETION DEPTH· -- •• 
JOB NO.: ( i 1) 

1.0 10.8' 
33767 DEPTH AFTER· HAS. c. SHELBY TUBE 

BOWSER - MORNER 
TESTING LABORATORIES. INC. 

A - 82 



LOG OF BORING NO. 30 - continued 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan OATE STARTED: 11-18-82 

SURFACE ELEVATION: 610' DATE COMPLETED: 11-18-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N" BLOWS 
NO.&. SAMPLE 6" ON /FT. OR 
TYPE DEPTH SAMPLER CORE REC. 

;liL.. 
~ 

f---
-
-
~ 

SA 34.0-35.5 4- 8-15 23 

~ 

r-

f---

4D' (Becomes hard at 39.5') 9A 39.0-40.5 10-18-37 55 
-

= 42.0' 
Weathered shale with gypsum 

- (Auger refusal at 43.5') lOA 43.0-43.5 100/1" 100+ 
- Bottom of boring at 43.5' 
-
-

-
-

-
-
-

-
-

,---

~ 

- I 
-

-
-

-

METHOD: Hollow Auger WATER OBSERVATIONS TYPE SAMPLER: 

INITIAL DEPTH: ~3. Q' (bea:.\t;l:) ..x.__ A. SPLIT SPOON 
TECHNICIAN: BK and CL 24.6' 

COMPLETION DEPTH: -- •• 
JOB NO.: 33767 (j 1) DEPTH AFTER: l.O HRS_lQ.8' C. SHELBY TUBE 

BOWSER- MORNER 
TESTING LABORATORIES, INC. 

A - 83 



LOG OF BORING NO. 31 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 10-14-82 

SURFACE ELEVATION: 609' DATE COMPLETED: 
10-14-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N" BLOWS 

NO. & SAMPLE 6" ON /FT. OR 

TYPE DEPTH SAMPLER CORE REC. 

0.0' (FILL) Brown silt, some clay, some 
- sand, moist 

l. O' 
-

Very stiff brown and gray silt and lA 1.0- 2.5 4- 8- 8 16 
-

clay, trace of sand, moist 
-
-. 4.0' 
5' Very stiff brown silt and clay, 2A 4.0- 5.5 6- 8- 8 16 
-=--- trace of sand, moist 
-

-

-
9.0' -

10' 
~ 

Medium stiff gray silt and clay, 3A 9.0-10.5 3- 3- 3 6 

trace of sand, moist 
-

-

- ' 
- 15.0' 4A 14.0-15.5 3- 3- 4 7 
f-- Medium stiff gray clay, some silt, 

r- some sand, trace of gravel, moist 

1--

1--

1--
20' r=--

SA 19.0-20.5 3- 3- 5 8 

1--

1--

1--

1--
25' r=--

6A 24.0-25.5 3- 4- 6 10 

1--

r-
1--

'Jo• 7A 29.0-30.5 4- 4- 6 10 
1---

METHOD: Hollow Auger WATER OBSERVATIONS TYPE SAMPLER: 

INITIAL DEPTH: 
None X 

-- A. SPLIT SPOON 

TECHNICIAN: BK and CL 
COMPLETION DEPTH: None B. --

JOB NO.: 33767 (j l) DEPTH AFTER:~ HAS_ pone -- C. SHELBY TUBE 

BOWSER - MORNER 
TESTING LABORATORIES, INC 

A - 84 



LOG OF BORING NO. 31 - continued 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan DATE STARTED: 10-14-82 

SURFACE ELEVATION: 609' DATE COMPLETED: 10-14-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PEA "N" BLOWS 

NO. & SAMPLE 6" ON /FT. OR 

TYPE DEPTH SAMPLER CORE REC. 

30' -
-

-

-

1-- (Becomes very stiff at 34. 5') 
35' SA 34.0-35.5 5- 7-11 18 
r=---
1--

I 
I 

1--
1--

43. 0' 
Weathered dolomite 

1-- 9A 39.0-40.5 5- 9-19 28 

~ 
1--

1--

1--

1-- lOA 44.0-44.5 100/3" 100+ 

1----- Bottom of boring at 44.5' 

1--

-
~ 

'-

'--

-
-

-
-

-
-
-

-
-

1-----

METHOD: 
Hollow Auger 

WATER OBSERVATIONS TYPE SAMPLER: 

INITIAL DEPTH: None X A. SPLIT SPOON 

TECHNICIAN: BK and CL --

COMPLETION DEPTH: None B. --

JOB NO.: 33767 (j 1) DEPTH AFTER:~ HAS. Non~ C. SHELBY TUBE --

BOWSER- MORNER 
TESTING LABORATORIES, INC 

A - 85 



LOG OF BORING NO. 32 

NORTHERN OHIO TREATMENT FACILITY - VICKERY, OHIO 

BORING LOCATION: As shown on boring location plan OATE STARTED: 11-18-82 

SURFACE ELEVATION: 606' OATE COMPLETED: ll-18-82 

STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PER "N" BLOWS 
NO.& SAMPLE 6" ON /FT. OR 
TYPE DEPTH SAMPLER CORE REC, 

_0.0' Topsoil 
l.O' 

- Stiff brown and gray clay an"d lA l.O- 2.5 6- 6- 9 15 
- silt, trace of sand, moist 
-

- 2A 4.0- 5.5 4- 6- 9 15 
...:L_ : 

-

-

-
- 9.0' 
10' Stiff brown clay and silt, trace of 3A 9.0-10.5 2- 7- 5 12 

--"-'--
sand, moist 

- (Hith 2" brown sand and gravel 
- seam at 9. 8') 

- 14 O' - . 
Soft clay, silt, 4A ...l.5.C_ gray some some 14.0-15.5 1- 2- 3 5 
sand, trace of gravel, moist 

-

-
r-
'2o• (Becomes medium stiff at 19.0') 
-=- SA 19.0-20.5 3- 4- 4 8 

-

-
-
-
_z.s_:_ 6A 24.0-25.5 3- 3- 5 8 

-

-
r-
~o· (Becomes stiff at 29.5') 
..=-- 7A 29.0-30.5 4- 5- 7 12 

METHOD: Hollow Auger WATER OBSERVATIONS TYPE SAMPLER: 

~·- X 
INITIAL DEPTH: -- ... SPLIT SPOON 

TECHNICIAN: BK and CL 30.0' 
COMPLETION DEPTH: -- B. 

JOB NO.: 33767 (j 1) DEPTH AFTER· HAS. c. SHELBY TUBE 

;, 9.0' (medium); 19.0' (heavy) BOWSER- MORNER 
TESTING LA BORA TORIES. lNC. 

A - 86 



LOG OF BORING NO. 

NORTHERN OHIO TREATMENT FACILITY -

BORING LOCATION: As shown on boring location plan 

SURFACE ELEVATION: 606' 

STRATUM DESCRIPTION OF MATERIAL SAMPLE 
NO.& 
TYPE 

30' 
-
-

-

-

-
35' =- (Becomes very stiff at 35. 0') SA 

-

-
-

4o' 9A 
-
-
- 42.0' 

- Apparent rock 
(Auger refusal at 42.5') 

- Bottom of boring at 42.5' 
-
r--
r--
1--
r--
-
-
-

-

-

-
-

-
c-
r--
-

METHOD: Hollow Auger WATER OBSERVA. TIONS ,, 
INITIAL DEPTH: 

TECHNICIAN: BK and CL 30 .0' 
COMPLETION DEPTH: 

JOB NO.: 33767 (j 1) DEPTH AFTER: HAS. 

'' 9.0' (medium); 19.0' (heavy) 

A - 87 

32 - continued 

VICKERY, OHIO 

DATE STARTED: ll-18-82 

DATE COMPLETED: ll-18-82 

SAMPLE 
DEPTH 

34.0-35.5 

39.0-40.5 

\ 

X 
--

--

BLOWS PEA "N" BLO'I\'8 
6" ON /FT. OR 

SAMPLER CORE REC. 

6- 7- 9 16 

5-10-17 27 

TYPE SAMPLER: 

A. SPLIT SPOON 

•• 
c. SHELBY TUBE 

BOWSER- MORNER 
TESTING LA BORA TORIES. INC. 



:> 

00 
00 

2A-34R 

100 

90 

1-
80 

I 
~ 

w 70 
~ 

>- 60 m 
oc 
w 
z 50 ;;: 
1-

40 z 
w 
u 
oc 30 w 

" 
20 

10 

01 
1000 

PROJECT 

BORING NO. 

SAMPLE NO. 

DEPTH 

CLASSIFICATION 

COBBLES 

33767 

1 
lA 
1.0-2.5' 

SOIL CLASSIFICATION SHEET 

U.S. STANDARD SIEVE SIZE 60 
3"211;1 % ~ .. #4 810 1620304050 100 200 325 
I I I I I I I I I I I I I I II I I I 100 

I I I I I 
I I I I II ........ I' 90 

I I II I 
I I I I '' 80 
L I I I II l r-... 
I I I I I ....... 70 
I I I I I I I ....... 
I I I I I I I ....... 60 
I I I I I I I 
I I I I I I I 

50 
I I I I I I I I 

I I I I 40 
I I I I I 

I I I I " I I ..... 30 
I I I I I 
I I I I II I 20 
I I I I II I II 
I I I I I' I I' 10 
I I I I I II I II 
I I II I' 10 I I I I I 

100 10 1 0.1 0.01 0.001 
GRAIN SIZE IN MILLIMETERS 

GRAVEL 0% SAND 14% SILT CLAY 

COARSE FINE MEDIUM FINE 41% 45% 

NATURAL% MOISTURE 14.4 
LIQUID LIMIT --
PLASTIC LIMIT -- BOWSER-MORHER 
PLASTICITY INDEX --

Brown 
TESTING LABORATORIES, INC. 

COLOR 

REMARKS 



>-

co 

"' 

2A-34R 

100 

90 

>- 80 
I 
~ 

w 70 
"' >- 60 m 
~ 
w 
z 50 
~ 

>- 40 z 
w 
u 
~ 30 w 
~ 

20 

10 

01 
1000 

PROJECT 

BORING NO. 

SAMPLE NO. 

DEPTH 

CLASSIFICATION 

SOIL CLASSIFICATION SHEET 

U.S. STANDARD SIEVE SIZE 60 
3" 2 1"' 1 34 ~ 31! #4 8 10 1620304050 100 

I I I I I I I I I I I I I I II I 
I I I 
I I I I I I 

I I 
' 

I I I I I I I 
I ' I I I I ' 
I I I I I I 
I I' I I I II I 

I I I I I I I 
I I I I II I 

I I I I I I I 
I I I I I' I 

I I I I I II I 
I I I I I II I 

I I I I II 
I I I I ' I I 

I I I I I I I 
I I I I i I I 

! I I I I I I 
I . I I I I 

I I I 
100 10 1 

GRAIN SIZE IN MILLIMETERS 

COBBLES GRAVEL 0% SAND 2" 
COARSE FINE MEDIUM FINE 

33767 NATURAL% MOISTURE 27.7 
LIQUID LIMIT 28 

l PLASTIC LIMIT 18 
2C PLASTICITY INDEX 10 
12.0-14.0' COLOR Gray 
Silty clay, "CL" REMARKS u.s.c.s. 
A-4(9) A.A.S.H.T.O. M145-73 

200 325 
I I 100 

' 
90 

...... 80 
1'\. 

' 70 
I \. 

,I 60 
I I 
II 50 
II 
[I 40 
II '\. 
II " 30 

20 

10 

I I 10 
0.1 0.01 0.001 

SILT CLAY 
52% 46% 

BOWSER-MORNER 
TESTING LABORATORIES, INC. 
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PROJECT 

BORING NO. 

SAMPLE NO. 

DEPTH 

CLASSIFICATION 

SOIL CLASSIFICATION SHEET 

U.S. STANDARD SIEVE SIZE 
60 

3" 2 1~ 1 % ~ 311 #4 810 1620304050 100 

I I I I I I I I I I I I I I II I 
I I I I II 
I I I I II I 

I I I I II I 
I I I I " I 

I I I I II I 
I ' I I II 

I I I I I I I 
I I I I I I I 

I I I I I I I 
I I I I I I 

I I I I . I I I 
I I I 

I I , I I I 
I I I I 'I I 

I I I I II I 
I I I I II I 

I I I I II I 
I I I I I' I 

I I I I II I 
I I . I II I 

I I I 
100 10 1 

GRAIN 51 ZEIN MILLIMETERS 

COBBLES I GRAVEL 0% I SAND 3:1: 

I COARSE I FINE !cOARSE! MEDIUM I FINE 

33767 NATURAL% MOISTURE 29.2 

LIQUID LIMIT --
1 PLASTIC LIMIT --
SA PLASTICITY INDEX --
19.0-20.5' COLOR Gray 

REMARKS 

I 

200 325 

I I 
100 

II 
I" 90 
II 
I' ' 80 
II 
II ' 70 

' ' 60 

50 
I 
I 40 
I 
I 

30 
I 
I 

20 
II 
I' 10 

I' 
10 I I 

0.1 0.01 0.001 

I SILT I CLAY 

I 54% 43% 

BOWSER-MORNER 
TESTING LABORATORIES, INC. 
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PROJECT 

BORING NO. 

SAMPLE NO. 

DEPTH 

CLASSIFICATION 

COBBLES 

33767 

2 
3A 
9.0-10.5 

SOIL CLASSIFICATION SHEET 

U.S. STANDARD SIEVE SIZE 
60 

3" 2 11(, 1 % 12 341 #4 8 10 1620304050 100 200 325 

I I I I I I I I I I I I I I II I I I 
II I 111 I 

100 

II I I' I I'' II 90 
II I II I Ill I N 
i I I j I I " I I' 80 
II I II I Iii I II 

""" I' I I' I I" 70 
II I II I k I 
I' I I' I II I 60 
II I II I II Ill I 
II I II I II II I 50 

I I II II II I II 
I I II I " 40 

II I 
I I I I II I II ' 30 

'I I I I I ,, 
I' I I I 'I I 20 
II I 'I I II i I I II 
II I II I II 'I I fl 10 
II I II I II k I I II 
II I I I 

10 I I I I I 
100 10 1 0.1 0.01 0.001 

GRAIN SIZE IN MILLIMETERS 

I GRAVEL o~ I SAND 9% I SILT 1 CLAY 

I COARSE I FINE !coARSE! MEDIUM I FINE l 36% 55% 

NATURAL% MOISTURE 26.0 
LIQUID LIMIT --
PLASTIC LIMIT -- BOWSER-MORNER 
PLASTICITY INDEX --
COLOR Brown 

TESTING LABORATORIES, INC. 

REMARKS 
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PROJECT 

BORING NO. 

SAMPLE NO. 

DEPTH 

CLASSIFICATION 

COBBLES 

33767 

5 
1A 
1.0-2. 5 1 

SOIL CLASSIFICATION SHEET 

U.S. STANDARD SIEVE SIZE 
60 

3" 2 1"' 1 % '6 3_g #4 810 1620304050 100 200 325 

I I I I I I I I I I I I I I II I I I 
II I II I 

100 

II I I' I I" I II 90 
I II I 1,, I 
I I II I 80 

i I I ! I I ill I 
II I II I 111 I ......... 70 
II I II I HI I II 
I' I II I 

' I 
I II 60 

II I II I II . Iii I 
II I II I II II ,.._ 

50 
II I II I II II I II 1'.. 
I' I II 40 

I I I I II II I 
I I I I II I II 
I I I I 

30 
II I 

i I I I I J I I 20 
II I I I II I II 
II I • I I 'I I I' 10 
II I II I II II I II 
II I II 

' I 
I I' 

10 I I I I I 
100 10 1 0.1 0.01 0.001 

GRAIN SIZE IN MILLIMETERS 

I GRAVEL 0% I SAND 9% I SILT I CLAY 

I COARSE I FINE )COARSE) MEDIUM I FINE l 31% 60% 

NATURAL% MOISTURE 17.6 
LIQUID LIMIT --
PLASTIC LIMIT -- BOWSER-MORHER 
PLASTICITY INDEX --

Brown TESTING LABORATORIES, INC. 
COLOR 

REMARKS 
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PROJECT 

BORING NO. 

SAMPLE NO. 

DEPTH 

SOIL CLASSIFICATION SHEET 

U.S. STANDARD SIEVE SIZE 60 
3" 2 1 '!., 1 :% ~ 3-B #4 810 16 20 3040 50 100 200 325 

I I I I I I I I II I I I I II I I I 100 
I I I 
I I ,- -.!.. I I I 90 
I I I I I I I 
I I I I ,.I' ..' I 80 
I I I I I I N 
I I I I . I 'I '"" 70 

'I 

I I I I I I I ... 60 
I II I I I II I IL ....... 
I I' I I I I' I I' ......... 50 
I I I ll 

I I' I 40 
I I I I II I II r-. I 
I I I J I " I I' 1'- 30 
I I I I I II I , ........ 
I I I I I II I I' 20 
I I I I I I I II 
I I I I I I' 10 
I I I u 

II I I I 
10 

I I I I I 

100 10 1 0.1 0.01 0.001 
GRAIN SIZE IN MILLIMETERS 

COBBLES GRAVEL 3% SILT CLAY 

0% COARSE FINE MEDIUM 
30% 40% 

33767 NATURAL% MOISTURE 19.4 
LIQUID LIMIT --

5 PLASTIC LIMIT -- BOWSER-MORNER 

3C PLASTICITY INDEX -- TESTING LABORATORIES, INC. 

27.5-29.5' COLOR Gray 
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PROJECT 

BORING NO. 

SAMPLE NO. 

DEPTH 

CLASSIFICATION 

SOIL CLASSIFICATION SHEET 

U.S. STANDARD SIEVE SIZE 60 
3"211>1 % 1f ,. #4 810 1620304050 100 

I I I I I I I I I I I I I I II I 
I "'I. I 
I ''\ ' I I I 

I I I I I I 
I I I I II I 

I I I I I I I 
I I I I 

..... 
I r..... I 

I ,.... I 
I I I I I 

I I I I 1'1 II I 
I I I I r- -.1. 
I I I I I II I 
I I I I I II I 

I I I I I It I 
I I I I I II I 

I I II I 
I ' I I I ' 
I I I 

'I I I I 

I I I 
100 10 1 

GRAIN 51 ZEIN MILLIMETERS 

COBBLES I GRAVEL 25% I SAND 37% 
0% J COARSE I FINE (COARSE· MEDIUM I FINE 

33767 NATURAL% MOISTURE 12.4 
LIQUID LIMIT --

5 PLASTIC LIMIT --
9A PLASTICITY INDEX --
39.0-40. O' COLOR Gray 

REMARKS Sample contained 
considerable gypsum. 

200 325 
I I 100 

90 

80 

70 

60 

jl 50 
It 

40 

II ............ 30 
II 
I' 20 

I'--
I' r- 10 

I I 10 
0.1 0.01 0.001 

J SILT l CLAY I I 17% 21% 

BOWSER-MORNER 

TESTING LABORATORIES, INC. 
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PROJECT 

BORING NO. 

SAMPLE NO. 

DEPTH 

SOIL CLASSIFICATION SHEET 

U.S. STANDARD SIEVE SIZE 
60 

3" 2 1"' 1 % ~ 311 #4 810 1620304050 100 

I I I I I I I I I I I I I I II I 
I I 
I I I I I I I 

I I I L I I I 
I I I I I I I 

I I I I I I I 
I I I I I 

I I I I I I I 
I I I I I .I I 

I I I I I 
I I' I I I I 

I I I I II I 
I I I I I' I 

I I I I I II I 
I I I I I II 

I I I I I II I 
I I I I I II I 

I I I I I I I 
I I I I I I I 

I I I I 
i I I I I I 

I I I 
100 10 1 

GRAIN SIZE IN MILLIMETERS 

COBBLES l GRAVEL 0% I SAND 1% 

I COARSE I FINE !COARSE MEDIUM I FINE 

33767 NATURAL% MOISTURE 26.2 

LIQUID LIMIT --
9 PLASTIC LIMIT --
1C PLASTICITY INDEX --
9. 0-11. O' COLOR Brown 

200 325 
I I 100 

90 

\ 80 
\ 

I 1\ 
70 

I \ 60 
\ 

jl \ 50 
II 

II 
40 

II 30 
II 1'.. 
I' ........ 20 

10 

I I 10 
0.1 0.01 0.001 

I SILT I CLAY I I 66% 33% 

BOWSER-MORNER 

TESTING LABORATORIES, INC. 
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PROJECT 

BORING NO. 

SAMPLE NO. 

DEPTH 

SOIL CLASSIFICATION SHEET 

U.S. STANDARD SIEVE SIZE 
60 

3"21)21 % ~ 3-a #4 8 10 1620304050 100 200 325 

I I I I I I I I I I I I I I II I I I 100 
I I I I I I I I 
I I I I I I 

90 
I I .,.~--. J I I 

I I I . I r-<.. :I 80 
I I I I II I 
I I I II ' 70 
I I I I II I I' 
I I I I II I ....... 60 
I I I I II I II ..... 
I I I I II II 50 
I I I I I II I 
I I I I I I' I 1'. 40 
I I I I I I I .... 
I I I I I I I ' 30 
I I I I ' I ' I I I I 20 

iL I I 
I I I I I I 

10 
I I I ! I I I 

I I I 
10 I I I I I 

100 10 1 0.1 0.01 0.001 
GRAIN SIZE IN MILLIMETERS 

COBBLES I GRAVEL 4% I SAND ?n'>' I SILT l CLAY 
0% I COARSE i FINE (COARSE( MEDIUM I FINE I 32% 44% 

33767 NATURAL% MOISTURE 28.2 
LIQUID LIMIT --

9 PLASTIC LIMIT -- BOWSER-MORNER 
3A PLASTICITY INDEX --
14.0-15.5' Gray 

TESTING LABORATORIES. INC. 
COLOR 

--- --- L_ ____ 
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PROJECT 

BORING NO. 

SAMPLE NO. 

DEPTH 

SOIL CLASSIFICATION SHEET 

U.S. STANDARD SIEVE SIZE 60 
3"211\,1 :% i2 3~ #4 810 1620304050 100 

I I I I I I I I II I I I I II I 
II II 
II I 1-r t--J. I' II I 

II I II I II I 
I I I I I I I 
I I I II I ......... 
I' I' I II 

I II II II 
I I I I' II I 

I I I I II II I 
I I I I II I 

II I 
I I 
I ! I I 

I' I II I 'I I 

II I II I lr k I I 

I' I II I p I 

I' I II II II I 
II I I' I I' I 

II I II 
II I II I 

I I I 
100 10 1 

GRAIN SIZE IN MILLIMETERS 

COBBLES I GRAVEL 3% I SAND 25% 
0% I COARSE I FINE !cOARSE MEDIUM I FINE 

33767 NATURAL% MOISTURE 17.6 
LIQUID LIMIT --

9 PLASTIC LIMIT --

3C PLASTICITY INDEX --
29.0-31.0' COLOR Gray 

200 325 
I I 100 

90 

80 

70 

I' 60 
' II 50 

II 

fl K 40 

II 
30 

II " I' 20 i\ 
I' 10 

I I 10 
0.1 0.01 0.001 

I SILT 

1 
CLAY 

I 29% 43% 

BOWSER-MORNER 
TESTING LABORATORIES. INC. 
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PROJECT 

BORING NO, 

SAMPLE NO. 

DEPTH 

CLASSIFICATION 

COBBLES 

33767 

11 
3A 
9.0-10.5' 

SOIL CLASSIFICATION SHEET 

U.S. STANDARD SIEVE SIZE 60 
3"21\!,1 % ~ <~,a #4 8 10 1620304050 100 

I I I I I I I I I I I I I I II I 
I I I I I 'I I 

I I I I ! I I 
I I I I I I 

I I I I I I I 
I I I I ' 

I I I II I 
I I I I II I 

I I I I It I 
I I I I II I 

I I I I I I 
I I I 

I I I I II 

I I I I I " I 

I I I I I I I 
I I I I I I 

II I I II I 

' I ' 
I I L 

I I 

I I I 
100 10 1 

GRAIN SIZE IN MILLIMETERS 

I GRAVEL 0% I SAND 2% 
I COARSE I FINE (COARSE( MEDIUM I FINE 

NATURAL %MOISTURE 25.3 
LIQUID LIMIT --
PLASTIC LIMIT --
PLASTICITY INDEX --
COLOR Brown 

REMARKS 

200 325 
I I 100 

,t .... 90 
It ' 1'\. 80 
I I '\. 

'\. 70 
II 
[I 60 
II 

I' 50 
It 

" 
40 

II I"' 30 

20 

I 10 
I 
I 0 

I I I 
0.1 0.01 0.001 

I SILT l CLAY 

I 45% 52% 

BOWSER -MORN ER 

TESTING LABORATORIES, INC. 
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PROJECT 

BORING NO. 

SAMPLE NO. 

DEPTH 

CLASSIFICATION 

SOIL CLASSIFICATION SHEET 

U.S. STANDARD SIEVE SIZE 
60 

3" 2 11!, 1 % ~ 3-8 #4 8 10 1620304050 100 

I I I I I I I I I I I I I I II I 
I I I II I 
I I I --.... II I 

I I I 
I I 

I I I I .....,., 
I I I I ' 
I I I I II I 
I I I I II I 

I I I I I II I 
I I I I I II 

I I I I I II I 
I I I I I I I 

I I I I I I I 
I I I I 'I I I 

I I I I I I 
I I I I 'I I 

I I I I II I 
I I I I I 

I I I I 
I II I 

I I I 
100 10 1 

GRAIN SIZE IN MILLIMETERS 

COBBLES I GRAVEL 2% I SAND 27'1. 
0% I COARSE I FINE (cOARSE( MEDIUM FINE 

33767 NATURAL% MOISTURE 18.5 
LIQUID LIMIT --

11 PLASTIC LIMIT --
6A PLASTICITY INDEX --
24.0-25.5' COLOR Gray 

REMARKS 

--------------

I 

200 325 
I I 100 

II 
I' 90 

II 
80 

[I 70 
1'!-
[I ...... 

60 
II 

,......_ 

I' 50 

' 
40 

I "' 30 
I ..... 
' 20 
I 
I 

10 

,I 
10 I I 

0.1 0.01 0.001 

J SILT I CLAY 

I 27% 44% 

BOWSER-MORHER 

TESTING LABORATORIES, INC. 
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PROJECT 

BORING NO. 

SAMPLE NO. 

DEPTH 

CLASSIFICATION 

SOIL CLASSIFICATION SHEET 

U.S. STANDARD SIEVE SIZE 60 
3" 2 1 ~ 1 % ~ "'k #4 8 10 1620304050 100 200 325 

I I I I I I I I I I I I I I II I I I 
I I II 

100 

II I i I -.... I I II 90 
It I II I H :II I II 
I T I I r<-- . I fl 80 

I --,-
I I II -,........., 

I I I I I 70 
I I I 

'I I I I 
60 

II I ! I L 'I II r-.... 
I I I II I II " I ....... 

50 
I I I I II II I II 

I 40 
I I II I I 

T T I I II I I ' 30 
I I I I II I II 

T T I I II I I' 20 
I II I It 

T T I I I II I II 10 
I I II 

T T I I II 
10 I I I I I 

100 10 1 0.1 0.01 0.001 
GRAIN 51 ZEIN MILLIMETERS 

COBBLES GRAVEL 2"' SILT CLAY 
h 

0% COARSE FINE MEDIUM 33% 40% 

33767 NATURAL% MOISTURE 
20.2 

LIQUID LIMIT 
26 

12 PLASTIC LIMIT 17 BOWSER-MORNER 
2C PLASTICITY INDEX 9 

14.0-16.0' COLOR Gray TESTING LABORATORIES, INC. 

Sandy clay, II CL" U. S.C. S. 
REMARKS 

A-4(4) A.A.S.H.T.O. Nl45-73 
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PROJECT 

BORING NO. 

SAMPLE NO. 

DEPTH 

SOIL CLASSIFICATION SHEET 

U.S. STANDARD SIEVE SIZE 60 
3" 2 11;, 1 % ~ % #4 810 1620304050 100 

I I I I I I I I I I I I I I II I ,, 
J. I I I II I 
I I I II I 

I 1--. ..l II I 
I I ' I '' I 

I I I I 1"1-
I ' I I II ........... 
I I I I I I I 
I I I I I I I 

I I I I I I I 
I I I I I I I 

j I I I I I I 
I I 'I I 

I I I I 
I I I I " I 

I I I I II I 
I I I I II I 

I I I I II I 
I I I I I' I 

I I I I I II I 
I I I I II I 

I I I 
100 10 1 

GRAIN SIZE IN MILLIMETERS 

COBBLES GRAVEL 8% SAND 25% 
0% COARSE FINE MEDIUM FINE 

33767 NATURAL '7o MOISTURE 15.6 
LIQUID LIMIT --

12 PLASTIC LIMIT --
4C PLASTICITY INDEX --
34.0-36. O' COLOR Gray 

200 325 
I I 

100 ll 
jl 

90 

80 

70 

' 
60 

...... 
1'-.. 50 

I -I 40 
I 
I 

I 
30 

I ' 20 
il 
I' 10 
jl 

10 I I 
0.1 0.01 0.001 

SILT CLAY 

27% 40% 

BOWSER-MORNER 
TESTING LABORATORIES, INC. 
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PROJECT 

BORING NO. 

SAMPLE NO. 

DEPTH 

CLASS I Fl CATION 

COBBLES 

33767 

14 
2A 
4.0-5.5' 

SOIL CLASSIFICATION SHEET 

U.S. STANDARD SIEVE SIZE 
60 

3" 2 1"' 1 % 12 % #4 810 1620304050 100 200 325 

I I I I I I I I I I I I I I II I I I 100 
I I 

I I I I II I 
90 

I I l II I ' I I ' I '' I ' 80 
I I I I II I 
I ' I I II ' 70 
I I I I I I I ' I I I I I I I ' 60 
I I I 
I I I I I I 

50 
I I I I I I I 
I I 40 
I I I I I I I 
I I I I II I I ..... 

30 I I I I II I I .... 
I I I I I' I ·' 20 
I I I I II I i I 
I I I I I' I I' 10 

I II 
I I I I I II 

10 I I I I I 
100 10 1 0.1 0.01 0.001 

GRAIN SIZE IN MILLIMETERS 

GRAVEL 0% SAND SILT CLAY 

COARSE FINE MEDIUM 50% 47" 

NATURAL% MOISTURE 25.6 
LIQUID LIMIT --
PLASTIC LIMIT -- BOWSER-MORNER 
PLASTICITY INDEX --

Brown 
TESTING LABORATORIES, INC. 

COLOR 

REMARKS 
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PROJECT 

BORING NO. 

SAMPLE NO. 

DEPTH 

SOIL CLASSIFICATION SHEET 

U.S. STANDARD SIEVE SIZE 60 
3" 2 11;, 1 % ~ 3.{,; #4 810 1620304050 100 200 325 

I I I I I I I I I I I I I I II I I I 
r 1 II 

100 

II I I' I II II I 1"1 90 
II I II I ill I II " I I I' I I'' I I' 1\. 80 
i I I I I II I II '\. 
II I 'I I [II I II \. 70 
II I II I HI I II 
II I II I R I I II 60 
II I II I II h I I 
II I II I II p I 

50 
II I II I II II I 
I' I II I II I 40 
II I II I II II I \. 
II I II I II II I II "' 30 

I I II I II I II t-... 
I I I I II I I' 20 

II I II 
'I I I I I II 10 
II I I 

I I I 'I I II 0 
I I I I I I 

100 10 1 0.1 0.01 0.001 
GRAIN SIZE IN MILLIMETERS 

COBBLES I GRAVEL 0% I SAND 2% I SILT I CLAY 

I COARSE I FINE jcoARsd MEDIUM FINE I 50% 48% 

33767 NATURAL"!, MOISTURE 27.3 
LIQUID LIMIT --

14 PLASTIC LIMIT -- BOWSER-MORNER 
1C PLASTICITY INDEX --
9. 0-11. O' COLOR Brown 

TESTING LABORATORIES, INC. 

-------- --- ---- - ----
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PROJECT 

BORING NO. 

SAMPLE NO. 

DEPTH 

CLASSIFICATION 

SOIL CLASSIFICATION SHEET 

U.S. STANDARD SIEVE SIZE 
60 

3" 2 1~ 1 % ~ % #4 8 10 1620304050 100 200 325 

I I I I I I I I II I I I I II I I I 100 
I' t--1. I I I I 
I I ..c I I . I I I 

90 
I I I I I I i I 
I I I I 80 ! 

I I I J I l"'- J I 
I I I 'I ·-....... 'I 70 
I I I I II I 
I I I I II I 60 
I I I I 1'-II 
I I I I II ............. 50 
I I I I I II I II 
I I I I I I' I I' 40 
I I I I I I I 
I I I I I I 1'-. 30 
I I I 'I I I 
I ' I I I I ' 20 
I I I I , I I I 
I I I I I I 10 
I I I I I I 

I II I I 
10 I I I I I 

100 10 1 0.1 0.01 0.001 
GRAIN SIZE IN MILLIMETERS 

COBBLES I GRAVEL 8% I SAND n"! I SILT I CLAY 

0% I COARSE I FINE lcoARSEI MEDIUM I FINE I 28% 40% 

33767 NATURAL '7o MOISTURE 18.3 
LIQUID LIMIT 25 

14 PLASTIC LIMIT 16 BOWSER.MORHER 
2C PLASTICITY INDEX 9 
19.0-21. O' Gray 

TESTING LABORATORIES, INC. 
COLOR 

Sandy clay, "CL" REMARKS u.s.c.s. 
A-4(4) A.A.S.H.T.O. M145-73 
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PROJECT 

BORING NO. 

SAMPLE NO. 

DEPTH 

CLASSIFICATION 

SOIL CLASSIFICATION SHEET 

U.S. STANDARD SIEVE SIZE 
60 I 

3"211>1 % If '• #4 8 10 1620304050 100 200 325 

I I I I I I I I I I I I I I II I I I 100 
I I I II I 
I I II I I' 90 
I I I I II N_ II 
I I I I '' I' I' 80 

I I I II I 
I ' I I II 70 
I I I II 1'-
I I I II I -- 60 
I I I I I II I 
I I I I I I I 50 
I I I I 1-

I - 40 

I I I I " I I \ 30 
I I I I II I 
I I I I I' I I 

20 
I I II I ll 

I I I I I I' I i' 10 
I 1 I I II I II 

I I II 
10 I I I I I 

100 10 1 0.1 0.01 0.001 
GRAIN SIZE IN MILLIMETERS 

COBBLES l GRAVEL 5% I SAND 17% I SILT I CLAY 

0% I COARSE I FINE (COARSE( MEDIUM FINE I 30% 48% 

33767 NATURAL '7, MOISTURE 15.2 
LIQUID LIMIT 29 

14 PLASTIC LIMIT 17 BOWSER-MORNER 
4C PLASTICITY INDEX 12 
39.0-41.0' Gray 

TESTING LABORATORIES, INC. 
COLOR 

Lean clay, II CL" REMARKS U. S.C. S. 

A-6 (7) A.A.S.H.T.O. M145-73 
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PROJECT 

BORING NO. 

SAMPLE NO. 

DEPTH 

CLASSIFICATION 

COBBLES 

0% 

33767 

18 
SA 
34.0-35.5' 

SOIL CLASSIFICATION SHEET 

U.S. STANDARD SIEVE SIZE 
60 

3"211>1 % ~ 3,s #4 8 10 1620304050 100 
I I I I I I I I I I I I I I II I 

I I I I I 
I I I -.. I I I 

I I I r--. I 

I I I I II ..,.... 
I ' I I 0 I 

I I I I II I 
I I I I II I 

I I I I I II I 
I I I I I II 

I I I I I I I 
I I I I I 
I I I I I I I 
I I I I I I I 

I I I 
I I I I I I 
I I I I I I 

I I I I 

I I I I I 
I I I 

I I I 
100 10 1 

GRAIN SIZE IN MILLIMETERS 

I GRAVEL 2% I SAND 2fi:<: 
I COARSE I FINE !COARSE! MEDIUM FINE 

NATURAL% MOISTURE 17.9 
LIQUID LIMIT --
PLASTIC LIMIT --
PLASTICITY INDEX --
COLOR Gray 
REMARKS 

200 325 
I I 100 

90 i 

80 

70 
1--. 

....... 60 
II ......... 
II 50 
II 
I' 40 

""' ....... 30 ..... 
20 

I 
10 

I 
0 

I I I 
0.1 0.01 0.001 

I SILT I CLAY 

I 29% 43% 

BOWSER-MORNER 
TESTING LABORATORIES, INC. 
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PROJECT 

BORING NO. 

SAMPLE NO. 

DEPTH 

CLASSIFICATION 

SOIL CLASSIFICATION SHEET 

U.S. STANDARD SIEVE SIZE 60 
3"21)21 % ~ 3_g #4 8 10 1620304050 100 

I I I I I I I I I I I I I I II I 
II I I I I I' II I 

II I II I II il I I 
I I I II I 

I I II I 

I' I 'I I I" I 

II I II I HI I 
I' I II I 'I I 

II I II I II Ill I 
II I II I II p I I 
II I II I II ft I I 
I' I I I 
II I I I 

I' I II I II I 

I I II I II II I 
I I I I 

I 
i I I I I I 

I I II I 
I J I 

I I I 
100 10 1 

GRAIN SIZE IN MILLIMETERS 

COBBLES I GRAVEL m: I SAND 0°/ 

I COARSE I FINE lcoARSEI MEDIUM Fl NE 

33767 NATURAL'!. MOISTURE 28.9 
LIQUID LIMIT 42 

19 PLASTIC LIMIT 24 

lC PLASTICITY INDEX 18 

7.0-9.0' COLOR Gray/Brown 

Silty clay, "CL 1 
REMARKS 

U. S.C. S. 

A-7-6 (20) A.A.S.H.T.O. Ml45-73 

200 325 
I I 100 

11 90 
IT,.._ 

..... 
80 

""' II 
II 

70 

II 60 

" 
50 

1\. 40 --II 
30 

20 

Jl 10 
II 

I I 10 
0.1 0.01 0.001 

I SILT 1 CLAY 

I 34% 63% 

BOWSER-MORNER 
TESTING LABORATORIES, INC. 
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PROJECT 

BORING NO, 

SAMPLE NO. 

DEPTH 

CLASSIFICATION 

SOIL CLASSIFICATION SHEET 

U.S. STANDARD SIEVE SIZE 
60 

3" 2 1"' 1 % ~ '• #4 8 10 1620304050 100 200 325 
I I I I I I I I I I I I I I II I I I 

100 ...... .J :I I 
I ' I I II I I' 90 

I I ---+... ! I I II 
I I ' I '' I I' 80 
I I I I ,,..... J 
I I I I I ...... 

70 
I I I I 
I I I I I 

60 
I I I I I I I 
I I I I I ' I 

50 
I I I I ......... 
' I ' 40 
I I II I ' I I I I " I I ,'\ 30 I I I I II I ,, ' I I I I II I I' .._ 

20 
I II I It 

I I I I '' I I' 10 
I II I 
I II 

0 I I I I I I 
100 10 1 0.1 0.01 0.001 

GRAIN 51 ZEIN MILLIMETERS 

COBBLES GRAVEL 8% SAND 23% SILT CLAY 
0% COARSE FINE MEDIUM FINE 29% 40% 

33767 NATURAL% MOISTURE 17.3 
LIQUID LIMIT 25 

19 PLASTIC LIMIT 17 BOWSER -MORHER 
2C PLASTICITY INDEX 8 
27.0-29.0' Gray 

TESTING LABORATORIES, INC. 
COLOR 

Sandy clay, "CL" REMARKS U. S.C. S. 

A-4(3) A.A.S.H.T.O. Ml45-73 
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PROJECT 

BORING NO. 

SAMPLE NO. 

DEPTH 

CLASSIFICATION 

SOIL CLASSIFICATION SHEET 

U.S. STANDARD SIEVE SIZE 
60 

3" 2 1, 1 % 12 3-a #4 8 10 1620304050 100 

I I I I I I I I I I I I I I II I 
II II I ill I 
II I -..... 111 I 

II I II I I 
II I I' I I 

II I II I 1'1-. 
II I II I 

II I II I II II I 
II I II I II II I 

II I II I It II I 
II I II I II II I 

I I II I II It I 
I I I I II I' I 

I I I I II I 
I I I I II I 

! I I I I It I 
II I I I Ill I 

I i I I 
II I ! I I '' I 

II ' i I 
II I II I II J I I 

I I I 
100 10 1 

GRAIN SIZE IN MILLIMETERS 

COBBLES GRAVEL 4% SAND 25/: 
0% COARSE FINE MEDIUM FINE 

33767 NATURAL% MOISTURE 16.3 
LIQUID LIMIT --

19 PLASTIC LIMIT --
lOA PLASTICITY INDEX --
44.0-45.5' COLOR Gray 

REMARKS 

200 325 
I I 

II 
100 

II 
90 

II 
I' 80 
II 
II 70 
I' 60 r;;;.. 

........ 50 
II 
II 40 
II 
II 30 
II 
I' 20 
II 
II 10 
II 
II 

10 I I 
0.1 0.01 0.001 

SILT CLAY 

31% 40% 

BOWSER-MORNER 
TESTING LABORATORIES, INC. 
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PROJECT 

BORING NO. 

SAMPLE NO. 

DEPTH 

SOIL CLASSIFICATION SHEET 

U.S. STANDARD SIEVE SIZE 60 
3•21121 34 ~ 3,s #4 810 16 20 30 40 50 100 200 325 

I I I I I I I I I I I I I I II I I I 100 I 

I I 
I I 1-'- I I I I I I I 90 
I I I ..,.... II I II 
I I I " I 80 
I I I I h-- I i I 
I ' I I II ............ II 70 
I I I I II I II 
I I I I II I II 60 
I I I I I II I 
I I I I I II 

50 
I I I I I I I 

"""" I I I I I I I 40 
I I I I I II I 
I I I I I I I ' 30 
I I I I • I I I " I I I I I I I - 20 
I I I I I I I I 
I I I I I I 10 
I I I 

I II I ,I 
10 I I I I I 

100 10 1 0.1 0.01 0.001 
GRAIN 51 ZEIN MILLIMETERS 

COBBLES I GRAVEL 5% I SANO 27% I SILT I CLAY 

0% I COARSE I FINE icoARSEI MEDIUM FINE I 31% 37% 

33767 19.4 NATURAL %MOISTURE 

LIQUID LIMIT --
22 PLASTIC LIMIT -- BOWSER -MORN ER 
3C PLASTICITY INDEX --
24.0-26.0' Gray 

TESTING LABORATORIES, INC. 
COLOR 

------ ---------
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PROJECT 

BORING NO. 

SAMPLE NO. 

DEPTH 

CLASSIFICATION 

SOIL CLASSIFICATION SHEET 

U.S. STANDARD SIEVE SIZE 60 3" 2 1"' 1 3;4 ~ 311 #4 8 10 1620304050 100 
I I I I I I I I I I I I I I II I 

II 
I ]TI I I I' II I 

I I I I II II I I II I I I II I 
I I I I II 11 I -I -T I I II I 

I II I T T ' II 
I I I I II I 
I I I I_ II I 
I I I 1 J II I • I I ' I ' I I 

T I I I I I 
I I I I • I I I -r T I I ,I I 

' I 
I I I I I 

I L 'I I 
I II 

I I I 
100 10 1 

GRAIN SIZE IN MILLIMETERS 

COBBLES I GRAVEL O'l'i SAND 3% 
I COARSE I FINE lcoARSEI MEDIUM I FINE 

--33767 NATURAL% MOISTURE 

LIQUID LIMIT 32 
25 PLASTIC LIMIT 21 
lC PLASTICITY INDEX 11 
7.0-9.0' COLOR Gray and brown mottled 
Silty clay, 11 CL" 

REMARKS 
u.s.c.s. 

A-6(11) A.A.S.H.T.O. Ml45-73 

200 325 
I I 

100 

I' 90 

" 80 II r-... 
II '\. 

70 II '\. 
II 

60 II 

I' 50 

40 
I 

30 
I 

20 
I 

10 .I 

I I Ia 
0.1 0.01 0.001 

I SILT I CLAY 

I 55% 42% 

BOWSER-MORNER 
TESTING LABORATORIES, INC. 

- - ------



Constant Head 
Permeability Test 

Project: 33767 

Boring No: 1 

Sample No: 2C 

Depth Interval of Sample: 12.0'-14.0' 

Depth Interval of Test Specimen: 12.4'-12.6' 

Material Description: Gray silt and clay, trace sand 

SPECIMEN DATA: 

Dimensions, inches, 

Height: 
Diameter: 

Weight, lbso, 

Initial: 

Hoisture Content, %: 

Initial: 
Final: 

Wet Unit Weight, pcf, 

Initial: 
Final: 

Dry Unit Weight, pcf, 

Initial: 

Back Pressure Saturation, psi, 

Pressures: 

Permability, em/sec, 

k: 

2.077 
2.796 

0.919 

28.1 
27.5 

124.5 
123.9 

97.2 

10.0 

7.0xlo-9 

A - 112 
BOVISER-NORNER 



Constant Head 
Permeability Test 

Project: 33767 

Boring No: 5 

Sample No: 3C 

Depth Interval of Sample: 27.5'-29.5' 

Depth Interval of Test Specimen: 28.0'-28.2' 

Material Description: Gray clay, some silt, some sand, trace 
gravel 

SPECIMEN DATA: 

Dimensions, inches, 

Height: 
Diameter: 

Height, lbs., 

Initial: 

Moisture Content, %: 

Initial: 
Final: 

Het Unit Height, pcf, 

Initial: 
Final: 

Dry Unit Height, pcf, 

Initial: 

Back Pressure Saturation, psi, 

Pressures: 

Permability~ em/sec, 

k: 

2.000 
2.766 

0.961 

18.8 
18.0 

138.1 
137.1 

116.2 

10.0 

A - 113 
BOHSER-HORNER 



Constant Head 
Permeability Test 

Project: 33767 

Boring No: 9 

Sample No: lC 

Depth Interval of Sample: 9.0'-11.0' 

Depth Interval of Test Specimen: 10.0'-10.2' 

Material Description: Gray silt, some clay, trace sand 

SPECIMEN DATA: 

Dimensions, inches, 

Height: 
Diameter: 

Weight, lbs., 

Initial: 

Moisture Content, %: 

Initial: 
Final: 

Wet Unit Weight, pcf, 

Initial: 
Final: 

Dry Unit Weight, pcf, 

Initial: 

Back Pressure Saturation, psi~ 

Pressures: 

Permability, em/sec, 

k: 

2.229 
2.848 

0.993 

27.0 
28.4 

120.9 
122.2 

95.1 

10.0 

A - 114 
BOHSER-MORNER 



Constant Head 
Permeability Test 

Project: 33767 

Boring No: 9 

Sample No: 3C 

Depth Interval of Sample: 29.0' -31.0' 

Depth Interval of Test Specimen: 30.0'-30.2' 

Material Description: Gray clay, some silt, some sand, 
trace gravel 

SPECIMEN DATA: 

Dimensions, inches~ 

Height: 
Diameter: 

Height, lbs., 

Initial: 

Moisture Content, %: 

Initial: 
Final: 

1-let Unit \~eight, pcf, 

Initial: 
Final: 

Dry Unit Weight, pcf, 

Initial: 

Back Pressure Saturation, psi, 

Pressures: 

Permability, em/sec, 

k: 

2.000 
2.787 

0.948 

18.0 
18.1 

134.2 
134.2 

113.7 

10.0 

1.6 X 10-8 

A - 115 
BOWSER-MORNER 



Project: 

!loring No: 

Sample No: 

Constant Head 
Permeability Test 

33767 

12 

2C 

Depth Interval of Sample: 14.0'-16.0' 

Depth Interval of Test Specimen: 

Material Description: 

SPECIMEN DATA: 

Dimensions, inches, 

Height: 
Diameter: 

\;/eight, lbs., 

Initial: 

Moisture Content, %: 

Initial: 
Final: 

Wet Unit Weight, pcf, 

Initial: 
Final: 

Dry Unit Weight, pcf, 

Initial: 

Back Pressure Saturation, psi, 

Pressures: 

Permability, em/sec, 

k: 

14.2'-14.4' 

Gray clay, some silt, some sand, 
trace gravel 

2.025 
2.803 

0.916 

23.2 
22.6 

126.7 
126.1 

102.8 

10.0 

2.6 x 10-8 

A - 116 
BOWSER-HORNER 



Constant !lead 
Permeability Test 

Project: 33767 

Boring No: 12 

Sample No: 4C 

Depth Interval of Sample: 34.0'-36.0' 

Depth Interval of Test Specimen: 35.0'-35.2' 

Material Description: Gray clay, some silt, some sand, 
trace gravel 

SPECIMEN DATA: 

Dimensions, inches, 

!Ieight: 
Diameter: 

Weight, lbs., 

Initial: 

Moisture Content, %: 

Initial: 
Final: 

Wet Unit Weight, pcf, 

Initial: 
Final: 

Dry Unit Weight, pcf, 

Initial: 

Back Pressure Saturation, psi, 

Pressures: 

Perrnahility, em/sec, 

k: 

2.086 
2.809 

1.019 

17.7 
17.8 

136.1 
136.3 

ll5. 7 

10.0 

A - 117 
BOHSER-MORNER 



Constant Head 
Permeability Test 

Project: 33767 

Boring No: 14 

Sample No: lC 

Depth Interval of Sample: 9.0'-11.0' 

Depth Interval of Test Specimen: 10.3'-10.5' 

Material Description: Gray clay and silt, trace sand, 
trace gravel 

SPECIMEN DATA: 

Dimensions, inches, 

Height: 
Diameter: 

Height, lbs., 

Initial: 

Moisture Content, %: 

Initial: 
Final: 

Wet Unit Height, pcf, 

Initial: 
Final: 

Dry Unit Weight, pcf, 

Initial: 

Back Pressure Saturation, psi, 

Pressures: 

Permability, em/sec, 

k: 

2.000 
2.828 

0.894 

29.9 
30.8 

123.0 
123.8 

94.7 

10.0 

A - 118 

BOHSER-l!ORNER 



Constant Head 
Permeability Test 

Project: 33767 

Boring No: 14 

Sample No: 2C 

Depth Interval of Sample: 19.0'-21.0' 

Depth Interval of Test Specimen: 20.4'-20.2' 

Haterial Description: Gray clay, some silt, some sand, 
trace gravel 

SPECIMEN DATA: 

Dimensions, inches, 

Height: 2.000 

Diameter: 2.780 

Height, lbs., 

Initial: 

Moisture Content, %: 

Initial: 
Final: 

\-let Unit \-Ieight, pcf, 

Initial: 
Final: 

Dry Unit Height, pcf, 

Initial: 

Back Pressure Saturation, psi~ 

Pressures: 

Permability, em/sec, 

0.923 

19.5 
18.9 

131.4 
130.7 

110.0 

10.0 

k: 2.2 x 1o-s 

A - 119 

BOHSER-MORNER 



Constant Head 
Permeability Test 

Project: 33767 

Boring No: 14 

Sample No: 4C 

Depth Interval of Sample: 39.0'-41.0' 

Depth Interval of Test Specimen: 40.4'-40.6' 

Material Description: Gray clay, some silt, some sand, 
trace gravel 

SPECIMEN DATA: 

Dimensions, inches, 

Height: 2.116 
Diameter: 2.855 

Weight, lbs., 

Initial: 

Moisture Content, %: 

Initial: 
Final: 

Wet Unit Weight, pcf, 

Initial: 
Final: 

Dry Unit Weight, pcf, 

Initial: 

Back Pressure Saturation, psi, 

Pressures: 

Permability, em/sec, 

1.044 

12.1 
16.2 

133.2 
138.1 

118.8 

10.0 

k: 8.4 x 1o-9 

A - 120 

BOWSER-MORNER 



Constant Head 
Permeability Test 

Project: 33767 

Boring No: 19 

Sample No: lC 

Depth Interval of Sample: 7.0'-9.0' 

Depth Interval of Test Specimen: 8.3'-8.5' 

Material Description: Gray clay, some silt, trace sand 

SPECIMEN DATA: 

Dimensions, inches, 

Height: 
Diameter: 

Weight, lbs., 

Initial: 

Moisture Content, %: 

Initial: 
Final: 

Wet Unit Weight, pcf, 

Initial: 
Final: 

Dry Unit Weight, pcf, 

Initial: 

Back Pressure Saturation, psi, 

Pressures: 

Permability, em/sec, 

k: 

2.050 
2.811 

0.888 

15.6 
25.8 

120.6 
131.2 

104.3 

10.0 

1.5 X 10-8 

A - 121 

BOWSER-HORNER 



Constant Head 
Permeability Test 

Project: 33767 

Boring No: 19 

Sample No: 2C 

Depth Interval of Sample: 27.0'-29.0' 

Depth Interval of Test Specimen: 28.0'-28.2' 

Material Description: Gray clay, some silt, some sand, 
trace gravel 

SPECIMEN DATA: 

Dimensions, inches, 

Height: 
Diameter: 

Weight, lbs., 

Initial: 

Moisture Content, %: 

Initial: 
Final: 

Wet Unit Weight, pcf, 

Initial: 
Final: 

Dry Unit Weight, pcf, 

Initial: 

Back Pressure Saturation, psi, 

Pressures: 

Permability, em/sec, 

k: 

2.000 
2.826 

0.959 

19.1 
18.3 

132.1 
131.2 

110.9 

10.0 

A - 122 
BOWSER-MORNER 



Constant Head 
Permeability Test 

Project: 33767 

Boring No: 22 

Sample No: 3C 

Depth Interval of Sample: 24.0'-26.0' 

Depth Interval of Test Specimen: 25.0'-25.2' 

Material Description: Gray clay, some silt, some sand, 
trace gravel 

SPECIMEN DATA: 

Dimensions, inches, 

Height: 
Diameter: 

Height, lbs., 

Initial: 

Moisture Content, %: 

Initial: 
Final: 

Wet Unit Weight, pcf, 

Initial: 
Final: 

Dry Unit Weight, pcf, 

Initial: 

Back Pressure Saturation, psi, 

Pressures: 

Permability, em/sec, 

k: 

2.150 
2.784 

0.991 

27.5 
24.6 

130.8 
127.9 

102.6 

10.0 

2.4 X 10-8 

A - 123 

BOWSER-MORNER 



Constant Head 
Permeability Test 

Project: 33767 

Boring No: 25 

Sample No: 1C 

Depth Interval of Sample: 7.0'-9.0' 

Depth Interval of Test Specimen: 8.0'-8.2' 

Material Description: 24" 

SPECIMEN DATA: 

Orientation of Flow: 

Dimensions, inches, 

Height: 
Diameter: 

Weight, lbs. , 

Initial: 

Moisture Content, % 

Initial: 
Final: 

Dry Unit Weight, pcf, 

Initial 
Final: 

Dry Unit Weight, pcf, 

Initial: 

Back Pressure Saturation, psi~ 

Pressures: 

Permeability, em/sec, 

k: 

Horizontal 

2.254 
2.814 

l. 014 

23.4 
24.4 

125.0 
126.0 

101.3 

45.0 

8.6 x 10-8 

A - 124 

BOHSER-HORNER 
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Boring 
No. 

2 

13 

23 

26 

1 

Sample Depth 
No. (Feet) 

1A 1.0- 2.5 

1A 1. 0- 2. 5 

1A 1. 0- 2. 5 

2A 4.5- 6.0 

3A 9.5-11.0 

1A 1.0- 2.5 

2A 4.0- 5.5 

3A 9.0-10.5 

1A 1.0- 2.5 

1C 4.0- 6.0 

2A 6.0- 7.5 

3A 9.0-10.5 

2C 12.0-14.0 

4A 14.0-15.5 

SA 19.0-20.5 

6A 24.0-25.5 

Material 
Fill: 

LABORATORY SUMMARY SHEET 

Liquid 
Limits 

Plastic 
Limits 

Plas
ticity 
Index 

Lucustrine deposits: Brown and/or Gray 
silty clay or clay ey silt with varying 
amounts of sand and occasional traces 
of gravel. 

Moisture 
Content (%) 

17.3 

29.4 

25.4 

29.3 

26.4 

20.0 

54.8 

28.7 

14.4 

Not Taken 

24.7 

27.2 

27.7 

29.8 

29.2 

21.3 

Dry Unit 
Weight 
(pcf) 

97.2 

Unconfined 
Compressive 
Strength (ps f) 

u.s.c.s. 
Soil 
Classi
fication 

CL 

CL 

ML-CL 
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Sample 
No. 

2A 

1C 

3A 

4A 

1A 

2A 

3A 

1A 

1C 

1A 

2A 

3A 

1A 

2A 

3A 

Depth 
(Feet) 

4.0- s.s 
7.0- 9.0 

9.0-10.5 

14.0-15.5 

1.0- 2.5 

4.0- 5.5 

9.0-10.5 

1.0- 2.5 

4.0- 6.0 

1. 0- 2. 5 

4.0- 5.5 

9.0-10.5 

1. 0- 2. 5 

4.0- 5.5 

9.0-10.5 

LABORATORY SUMMARY SHEET 

Material 
Liquid 
Limits 

Lacustrine deposits 
(Continued) 

Plastic 
Limits 

Plas
ticity 
Index 

Moisture 
Content (%) 

22.9 

Not Taken 

26.0 

25.1 

26.6 

28.1 

26.0 

17.6 

Not Taken 

26.5 

27.8 

25.5 

23.2 

23.0 

22.6 

Dry Unit 
Weight 
(pcf) 

Unconfined 
Compressive 
Strength (psf) 

u.s.c.s. 
Soil 
Classi
fication 

CL 

CL 
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Boring 
No. 

8 

9 

10 

11 

12 

Sample 
No. 

1A 

2A 

1A 

2A 

1C 

1A 

2A 

3A 

4A 

SA 

1A 

2A 

3A 

4A 

1A 

1C 

2A 

Depth 
(Feet) 

1.0- 2.5 

4.0- 5.5 

1. 0- 2. 5 

4.0- 5.5 

9. 0-11. 0 

1. 0- 2. 5 

4.5- 6.0 

9. 5-11.0 

14.5-16.0 

19.5-21.0 

1. 0- 2. 5 

4.0- 5.5 

9.0-10.5 

14.0-15.5 

1. 0- 2. 5 

4.0- 6.0 

9.0-10.5 

LABORATORY SUMMARY SHEET 

Material 
Liquid 
Limits 

Lacustrine deposits 
(Continued) 

Plastic 
Limits 

Plas
ticity 
Index 

Moisture 
Content (%) 

25.0 

22.2 

18.3 

24.2 

26.2 

20.2 

22.3 

24.7 

25.4 

16.3 

21.3 

26.6 

25.3 

28.6 

19.9 

Not Taken 

24.6 

Dry Unit 
Weight 
(pcf) 

95.1 

Unconfined 
Compressive 
Strength (psf) 

u.s.c.s. 
Soil 
Classi
fication 

ML 

ML-CL 
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Boring 
No. 

13 

14 

15 

16 

Sample 
No. 

2A 

3A 

4A 

1A 

2A 

1C 

1A 

2A 

3A 

4A 

SA 

6A 

1A 

2A 

3A 

4A 

SA 

Depth 
(Feet) 

4.0- 5.5 

9.0-10.5 

14.0-15.5 

1. 0- 2. 5 

4.0- 5.5 

9. 0-11. 0 

1. 0- 2. 5 

4.0- 5.5 

9.0-10.5 

14.0-15.5 

19.0-20.5 

24.0-25.5 

1.0- 2.5 

4.0- 5.5 

9 ... 0-10.5 

14.0-15.5 

19.0-20.5 

LABORATORY SUMMARY SHEET 

Material 
Liquid 
Limits 

Lacustrine deposits 
(Continued) 

Plastic 
Limits 

Plas-
ticity Moisture 
Index Content (%) 

26. 1 

23.9 

25.0 

12.6 

25.6 

27.3 

18.7 

26.2 

31.7 

29.6 

26.8 

46.0 

27.0 

23.1 

25.3 

29.5 

29.7 

Dry Unit 
Weight 
(pcf) 

94.7 

Unconfined 
Compressive 
Strength (psf) 

u.s.c.s. 
Soil 
Classi
fication 

ML-CL 

ML-CL 
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Boring 
No. 

17 

18 

19 

20 

Sample 
No. 

1A 

2A 

3A 

4A 

1A 

2A 

3A 

4A 

SA 

1A 

2A 

1C 

3A 

4A 

1A 

2A 

3A 

4A 

Depth 
(Feet) 

1.0- 2.5 

4.5- 6.0 

9. 5-11.0 

14.5-16.0 

1.0- 2.5 

4.0- 5.5 

9.0-10.5 

14.0-15.5 

19.0-20.5 

1.0- 2.5 

4.0- 5.5 

7. 0- 9. 0 

9.0-10.5 

14.0-15.5 

1.0- 2.5 

4.0- 5.5 

9.0-10.5 

14.0-15.5 

LABORATORY SUMMARY SHEET 

Material 
Liquid 
Limits 

Lacustrine deposits 
(Continued) 

Plastic 
Limits 

Plas-
ticity Moisture 
Index Content (%) 

25.3 

25.9 

28.6 

41.6 

22.0 

25.5 

28.4 

31.9 

27.8 

22.2 

21.9 

28.9 

34.9 

31.6 

22. 1 

26.6 

26.8 

31. 1 

Dry Unit 
Weight 
(pcf) 

104.3 

Unconfined 
Compressive 
Strength (psf) 

u.s .c.s. 
Soil 
Classi
fication 

CL 
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Boring 
No. 

21 

22 

23 

24 

25 

Sample 
No. 

1A 

2A 

3A 

1A 

1C 

2A 

4A 

1A 

2A 

3A 

4A 

SA 

1A 

2A 

1C 

3A 

Depth 
(Feet) 

1. 0- 2.5 

4.5- 6.0 

9. 5-11.0 

1.0- 2.5 

4.0- 6.0 

9.0-10.5 

14.5-16.0 

1. 0- 2. 5 

4.5- 6.0 

9.5-11.0 

14.5-16.0 

19.5-21.0 

1.0- 2.5 

4.0- 5.5 

7.0-9.0 

9.0-10.5 

LABORATORY SUMMARY SHEET 

Material 
Liquid 
Limits 

Lacustrine deposits 
(Continued) 

Plastic 
Limits 

Plas-
ticity Moisture 
Index Content (%) 

22.7 

23.8 

25.0 

17.2 

Not Taken 

28.0 

25.0 

25.1 

24.0 

28.7 

37.5 

36.1 

19.5 

28.3 

23.4 

19.8 

Dry Unit 
Weight 
(pcf) 

101.3 

Unconfined 
Compressive 
Strength (psf) 

u.s.c.s. 
Soil 
Classi
fication 

CL 
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Sample 
No. 

4A 

SA 

6A 

1A 

2A 

3A 

lA 

2A 

3A 

1A 

1C 

1A 

2A 

3A 

1A 

2A 

3A 

4A 

Depth 
(Feet) 

14.0-15.5 

19.0-20.5 

24.0-25.5 

1.0- 2.5 

4.5- 6.0 

9. 5-11. 0 

1. 0- 2. 5 

4.5- 6.0 

9. 5-11. 0 

1.0- 2.5 

4.0- 6.0 

1. 0- 2. 5 

4.0- 5.5 

9.0-10.5 

1. 0- 2. 5 

4.0- 5.5 

9. 0-10 .. 5 

14.0-15.5 

LABORATORY SUMMARY SHEET 

Material 
Liquid 
Limits 

Lacustrine deposits 
(Continued) 

Plastic 
Limits 

Plas
ticity 
Index 

Moisture 
Content (%) 

26.3 

24.8 

30.5 

20.8 

29.0 

21.1 

20.3 

24.5 

28.8 

17. 1 

Not Taken 

21.0 

21.9 

22.6 

19.5 

22.6 

27.1 

26.2 

Dry Unit 
Weight 
(pcf) 

Unconfined 
Compressive 
Strength (psf) 

u.s.c.s. 
Soil 
Classi
fication 
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Boring 
No. 

32 

1 

2 

3 

4 

Sample 
No. 

1A 

2A 

3A 

7A 

3C 

SA 

6A 

7A 

SA 

9A 

4A 

SA 

6A 

7A 

SA 

1A 

2A 

Depth 
(Feet) 

l.O- 2.5 

4.0- 5.5 

9.0-10.5 

29.0-30.5 

34.0-36.0 

19.0-20.5 

24.0-25.5 

29.0-30.5 

34.0-35.5 

39.0-40.5 

14.0-15.5 

19.0-20.5 

24.0-25.5 

29.0-30.5 

34.0-35.5 

l.O- 2.5 

4.0- 5.5 

LABORATORY SUMMARY SHEET 

Material 
Liquid 
Limits 

Lacustrine deposits 
(Continued) 

Glacial Till 

Plastic 
Limits 

Brown and/or Gray, silty clay or 

Plas
ticity 
Index 

Moisture 
Content (%) 

2S.4 

26.3 

29.7 

clay-ey silt, some sand, trace of gravel: 

1S.S 

Not Taken 

26.1 

17.9 

19.4 

19.7 

17.0 

20.S 

18.2 

19.7 

19.6 

16.8 

21.4 

19.2 

Dry Unit 
Weight 
(pcf) 

Unconfined 
Compressive 
Strength (psf) 

u.s.c.s. 
Soil 
Classi
fication 
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Boring 
No. 

4 

5 

Sample 
No. 

3A 

4A 

SA 

6A 

7A 

SA 

2A 

3A 

2C 

4A 

SA 

6A 

3C 

7A 

SA 

Depth 
(Feet) 

9.0-10.5 

14.0-15.5 

19.0-20.5 

24.0-25.5 

29.0-30.5 

34.0-35.5 

6. 0- 7. 5 

9.0-10.5 

13.0-15.0 

15.0-16.5 

19.0-20.5 

24.0-25.5 

27.5-29.5 

29. S-31. 0 

34.0-35.5 

LABORATORY SUMMARY SHEET 

Material 
Liquid 
Limits 

Glacial Till deposits 
(Continued) 

Plastic 
Limits 

Plas
ticity 
Index 

Moisture 
Content (%) 

17.3 

17.6 

1S.9 

19.9 

20.0 

16.4 

14.7 

17.0 

Not Taken 

1S.5 

19.S 

19.2 

1S.S 

No Sample 

17.9 

Dry Unit 
Weight 
(pcf) 

116.2 

Unconfined 
Compressive 
Strength (psf) 

u.s.c.s. 
Soil 
Classi
fication 

CL 
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Boring 
No. 

6 

7 

8 

Sample 
No. 

4A 

SA 

6A 

7A 

SA 

4A 

SA 

6A 

7A 

SA 

9A 

3A 

4A 

SA 

6A 

7A 

SA 

9A 

Depth 
(Feet) 

14.0-1S.S 

19.0-20.S 

24.0-2S.S 

29.0-30.S 

34.0-3S.S 

14.0-1S.S 

19.0-20.5 

24.0-2S.5 

29.0-30.S 

34.0-3S.S 

39.0-40.S 

9.0-10.S 

14.0-1S.S 

19.0-20.S 

24. 0-2S. s 
29.0-30.S 

34.0-3S.5 

39.0-40.S 

LABORATORY SUMMARY SHEET 

Material 
Liquid 
Limits 

Glacial Till deposits 
(Continued) 

Plastic 
Limits 

Plas-
ticity Moisture 
Index Content (%) 

26.8 

1S.7 

20.3 

16.0 

14.4 

16.3 

1S.6 

17.S 

19.S 

16.S 

14.9 

13.0 

18.9 

19.1 

18.5 

19.2 

17.9 

1S.4 

Dry Unit 
Weight 
(pcf) 

Unconfined 
Compressive 
Strength (psf) 

u.s.c.s. 
Soil 
Classi
fication 
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Boring 
No. 

9 

10 

ll 

Sample 
No. 

3A 

2C 

4A 

3C 

SA 

4C 

6A 

SA 

6A 

7A 

SA 

9A 

SA 

6A 

7A 

SA 

9A 

Depth 
(Feet) 

14.0-1S.S 

19.0-21.0 

24.0-2S.5 

29.0-31.0 

34.0-35.S 

39.0-41.0 

4l.0-42.S 

19.S-2l.O 

24.S-26.0 

29.5-31.0 

34.5-36.0 

39. S-41. 0 

19.0-20.S 

24.0-2S.S 

29.0-30.S 

34.0-3S.S 

39.0-40.S 

LABORATORY SUMMARY SHEET 

Material 
Liquid 
Limits 

Glacial Till deposits 
(Continued) 

Plastic 
Limits 

Plas
ticity 
Index 

Moisture 
Content (%) 

28.2 

Not Taken 

18.0 

17.6 

17.3 

Not Taken 

14.1 

16.3 

18.2 

18.4 

1S.3 

16.7 

1S.5 

18.5 

18.8 

1S.O 

1S.5 

Dry Unit 
Weight 
(pcf) 

113.7 

Unconfined 
Compressive 
Strength (psf) 

u.s.c.s. 
Soil 
Classi
fication 

CL 

CL 

CL 
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Boring 
No. 

12 

13 

14 

Sample 
No. 

2C 

3A 

3C 

4A 

4C 

SA 

SA 

6A 

7A 

SA 

9A 

3A 

2C 

4A 

3C 

SA 

4C 

Depth 
(Feet) 

14.0-16.0 

19.0-20.5 

24.0-26.0 

29.0-30.5 

34.0-36.0 

39.0-40.S 

19.0-20.S 

24. 0-2S. s 
29.0-30.S 

34.0-3S.S 

39.0-40.S 

14.0-1S.S 

19.0-21.0 

24.0-2S.S 

29.0-31.0 

34.0-3S.S 

39.0-41.0 

LABORATORY SUMMARY SHEET 

Material 
Liquid 
Limits 

Glacial Till deposits 
(Continued) 

Plastic 
Limits 

Plas
ticity 
Index 

Moisture 
Content (%) 

20.2 

34.9 

Not Taken 

19.0 

1S.6 

14.8 

38.3 

20.4 

19.8 

18.2 

1S.6 

28.1 

18.3 

18.3 

Not Taken 

16.8 

1S.2 

Dry Unit 
Weight 
(pcf) 

102.8 

11S. 7 

110.0 

118.8 

Unconfined 
Compressive 
Strength (psf) 

u.s.c.s. 
Soil 
Classi
fication 

CL 

CL 

CL 

CL 
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Sample 
No. 

7A 

SA 

9A 

6A 

7A 

SA 

9A 

SA 

6A 

7A 

SA 

9A 

6A 

7A 

SA 

9A 

Depth 
(Feet) 

29.0-30.5 

34.0-35.5 

39.0-40.5 

24.0-25.5 

29.0-30.5 

34.0-35.5 

39.0-40.5 

19.5-21.0 

24.5-26.0 

29.5-31.0 

34.5-36.0 

39.5-41.0 

24.0-25.5 

29.0-30.5 

34.0-35.5 

39.0-40.5 

LABORATORY SUMMARY SHEET 

Material 
Liquid 
Limits 

Glacial Till deposits 
(Continued) 

Plastic 
Limits 

Plas-
ticity Moisture 
Index Content (%) 

20.1 

1S.4 

15.4 

26.S 

19.0 

1S.9 

15.2 

19.1 

20.6 

19.4 

1S.S 

15.2 

32.9 

20.0 

17.9 

15.7 

Dry Unit 
Weight 
(pcf) 

Unconfined 
Compressive 
Strength (ps f) 

u.s.c.s. 
Soil 
Classi
fication 

CL 
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Boring 
No. 

19 

20 

21• 

Sample 
No. 

SA 

6A 

2C 

7A 

SA 

9A 

SA 

6A 

7A 

SA 

9A 

4A 

SA 

6A 

7A 

SA 

Depth 
(Feet) 

19.0-20.S 

24o0-2SoS 

27.0-29.0 

29o0-30.S 

34.0-3So5 

39o0-40o5 

19o 0-20o s 
24 0 0-2S 0 5 

29o0-30o5 

34o0-35oS 

39.0-40oS 

14.S-16o0 

19o5-21.0 

24.S-26.0 

29.S--31.0 

34o5-36o0 

LABORATORY SUMMARY SHEET 

Material 
Liquid 
Limits 

Glacial Till deposits 
(Continued) 

Plastic 
Limits 

Plas-
ticity Moisture 
Index Content (%) 

20.0 

23.2 

17.3 

20.0 

19o1 

17o7 

19o 7 

20o2 

19o9 

17 0 s 
17o1 

21.9 

19o6 

19 0 1 

1S.8 

l3o s 

Dry Unit 
Weight 
(pcf) 

110.9 

Unconfined 
Compressive 
Strength (psf) 

u.s.c.s. 
Soil 
Classi
fication 

CL 
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Boring 
No. 

22 

23 

24 

Sample 
No. 

2C 

3A 

3C 

4A 

4C 

SA 

6A 

SA 

6A 

7A 

SA 

9A 

lOA 

llA 

6A 

7A 

SA 

9A 

Depth 
(Feet) 

14.0-16.0 

l9.0-20.S 

24.0-26.0 

29.0-JO.S 

34.0-34.S 

34.S-36.0 

39.0-40.S 

19. S-21. 0 

24.S-26.0 

29.S-30.0 

34.S-36.0 

39. S-41. 0 

44.S-46.0 

49. S-Sl. 0 

24.S-26.0 

29. S-31. 0 

34.S-36.0 

39. S-41. 0 

LABORATORY SUMMARY SHEET 

Material 
Liquid 
Limits 

Glacial Till deposits 
(Continued) 

Plastic 
Limits 

Plas-
ticity Moisture 
Index Content (%) 

Not Taken 

18.6 

19.4 

19.4 

Not Taken 

17.2 

16.6 

2S.3 

21.0 

21.0 

20.9 

19. l 

17.2 

18.7 

20.S 

2l.S 

17.9 

18.4 

Dry Unit 
Weight 
(pcf) 

102.6 

Unconfined 
Compressive 
Strength (psf) 

u.s.c.s. 
Soil 
Classi
fication 

CL 
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Boring 
No. 

25 

26 

Sample 
No. 

3A 

4A 

2C 

SA 

6A 

3C 

7A 

SA 

9A 

lOA 

7A 

SA 

9A 

lOA 

Depth 
(Feet) 

9.0-10.5 

14.0-15.5 

17.0-19.0 

19.0-20.5 

24.0-25.5 

27.0-29.0 

29.0-30.5 

34.0-35.5 

39.0-40.5 

44.0-45.5 

29.0-30.5 

34.0-35.5 

39.0-40.5 

44.0-45.5 

LABORATORY SUMMARY SHEET 

Material 
Liquid 
Limits 

Glacial Till deposits 
(Continued) 

Plastic 
Limits 

Plas-
ticity Moisture 
Index Content (%) 

19.8 

16. l 

Not Taken 

18.3 

18.0 

Not Taken 

19.0 

18.7 

16.3 

16.0 

18.4 

18.3 

18.3 

17.0 

Dry Unit 
Weight 
(pcf) 

Unconfined 
Compressive 
Strength (psf) 

u.s.c.s. 
Soil 
Classi
fication 
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Boring 
No. 

27 

28 

29 

Sample 
No. 

4A 

SA 

6A 

7A 

SA 

9A 

4A 

SA 

6A 

7A 

SA 

9A 

2A 

3A 

4A 

SA 

2C 

Depth 
(Feet) 

14.5-16.0 

19. 5-21. 0 

24.5-26.0 

29.5-31.0 

34.8-36.0 

39.5-41.0 

14.S-16.0 

19.S-2l.O 

24.5-26.0 

29. S-31. 0 

34.S-36.0 

39. S-41. 0 

6.0- 7.5 

9.0-10.5 

14.0-1S.S 

19.0-20.5 

23.0-25.0 

LABORATORY SUMMARY SHEET 

Material 
Liquid 
Limits 

Glacial Till deposits 
(Continued) 

Plastic 
Limits 

Plas
ticity 
Index 

Moisture 
Content (%) 

19.0 

19.4 

14.3 

19.S 

1S.S 

17.S 

20.5 

19. 1 

19.7 

19. 1 

1S.9 

1S.S 

1S.7 

17.5 

17.3 

19.2 

Not Taken 

Dry Unit 
Weight 
(pcf) 

Unconfined 
Compressive 
Strength (psf) 

u.s.c.s. 
Soil 
Classi
fication 
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Boring 
No. 

29 

30 

31 

32 

Sample 
No. 

6A 

7A 

SA 

4A 

SA 

6A 

7A 

SA 

9A 

SA 

6A 

7A 

SA 

4A 

SA 

6A 

7A 

SA 

9A 

Depth 
(Feet) 

2S. 0-26. s 
29.0-30.S 

34.0-3S.S 

14.0-1S.S 

19.0-20.S 

24.0-2S.S 

29.0-30.S 

34.0-3S.S 

39.0-40.S 

19.0-20.S 

24.0-25.S 

29.0-30.S 

34.0-35.S 

14.0-1S.S 

19.0-20.S 

24.0-2S.S 

29.0-30.S 

34.0-3S.S 

39.0-40.S 

LABORATORY SUMMARY SHEET 

Material 
Liquid 
Limits 

Glacial Till deposits 
(Continued) 

Plastic 
Limits 

Plas-
ticity Moisture 
Index Content (%) 

1S.S 

17.3 

18.7 

16.8 

21.0 

18.S 

17.9 

1S.2 

1S.6 

18.S 

19. 1 

19.2 

19.S 

24.7 

2S.6 

19.3 

19. 1 

20.2 

1S.9 

Dry Unit 
Weight 
(pcf) 

Unconfined 
Compressive 
Strength (psf) 

u.s.c.s. 
Soil 
Classi
fication 
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Boring 
No. 

l 

2 

3 

5 

10 

ll 

15 

17 

18 

19 

Sample 
No. 

SA 

9A 

lOA 

llA 

9A 

9A 

lOA 

lOA 

lOA 

lOA 

lOA 

lOA 

Depth 
(Feet) 

36.0-37.5 

39.0-40.5 

44.0-45.0 

49.0-49.5 

39.0-40.5 

39.0-40.0 

44.5-45.5 

44.0-45.5 

41.5-42.5 

44.5-45.0 

44.0-45.0 

44.0-45.5 

llA 49.0-49.5 

24 lOA 

26 llA 

29 9A 

·k Saturated 

44.5-45.5 

49.0-49.5 

39.0-40.5 

Material 

Glacial Till 

LABORATORY SUMMARY SHEET 

Liquid 
Limits 

Plastic 
Limits 

Plas
ticity 
Index ---

Grey silt, some sand, some clay, trace 
gravel, usually contains gypsum. 

Moisture 
Content (%) 

14.3 

8.6 

8.6 

* 
Rock 

12.4 

9. l 

10.2 

12.0 

Rock 

14.5 

16.3 

14. 1 

7.9 

9.6 

Dry Unit 
Weight 
(pcf) 

Unconfined 
Compressive 
Strength (psf) 

u.s.c.s. 
Soil 
Classi
fication 

SM-SC 

CL 
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Boring 
No. 

1 

2 

4 

6 

7 

9 

10 

11 

12 

14 

22 

23 

25 

27 

28 

30 

31 

Sample 
No. 

lOA 

llA 

9A 

9A 

lOA 

7A 

llA 

llA 

6A 

6A 

7A 

12A 

llA 

lOA 

lOA 

lOA 

9A 

lOA 

'~ Saturated 

Depth 
(Feet) 

44.0-

49.0-49.5 

39.0-39.5 

39.0-39.5 

43.5-44.0 

44.0-44.5 

49.5-50.0 

49.0-49.5 

44.0-44.5 

44.0-44.5 

44.0-45.5 

54.5-55.0 

49.0-49.5 

43.0-43.5 

44.5-45.0 

43.0-43.5 

39.0-40.5 

44.0-44.5 

LABORATORY SUMMARY SHEET 

Material 
Liquid 
Limits 

Tymochtee Formation 

Plastic 
Limits 

Plas
ticity 
Index 

Moisture 
Content (%) 

No Sample 

'~ 

Rock 

No Sample 

24.8 

Rock 

Rock 
,,~ 

Rock 

9. 1 

* 
16.9 

Rock 

Rock 

Rock 

8.2 

16.8 

Rock 

Dry Unit 
Weight 
(pcf) 

Unconfined 
Compressive 
Strength (psf) 

u. s.c.s. 
Soil 
Classi
fication 



BowsER-MORNER Testing Laboratories, Inc. 
CORPORATEADORESS • 420DavlsAve P.O Box51 • Oayton,Ohlo45401-0051 • 513/253-8805 

TOLEDO DISTRICT • 1 22 S St Clair St P 0 Box 838 • Toledo, Ohro 43696-0838 • 4191255-8200 

KENTUCKY DISTRICT • Route 8 West • P.O Box 636 • Maysville, Kentucky 41056-0636 606/564-6711 

LABORATORY REPORT 

Chemical Waste Management 
Report to % BO\'ISER-MORNER, Inc. Date March 16, 1983 

Laboratory No N 0 2 2 8 4 0 P. 0. Box 838 
Toledo, Ohio 4S696 
Attn: Ms. Julie Kampa 

Author1zat1on 

Repurton Twelve (12) samples of soil received February 28, 1983 for 
determination of carbonate content. 

SAMPLE INFORMATION: 

TEST 

TEST 

The samples were identified as; 

Boring #14 3A, 4A 
Boring #16 3A, SA, 7A 
Boring #21 3A, SA 
Boring #26 4A, SA, 6A 
Boring #32 4A, 6A 

PROCEDURES: 

l) Determination of the neutralization potential by acid 
consumption per EPA ''Field and Laboratory Methods 
Applicable to Overburdens and Minesoils" 600/2-78-0S4. 

2) Determination of the neutralization equivalency of calcium 
carbonate (Caco

3
) by reaction with hydrochloric acid and 

subsequent back-titration with sodium hydroxide. 

3) Determination of the total moisture @l03°C. 

RESULTS: 

Parameter Boring 14 Bering 14 
JA 4A 

Moisture, % 19.9 14.8 

% 

% 

Carbonate *#l 
As Received 16.3 2 0. 3 
Dry Basis 2 0. 4 24.0 

Carbonate *#2 
As Received 16.7 20.9 
Dry Basis 2 0. 8 24.5 

- continued -

A - 145 
As a Muruaf Prot eel/on to Cftents, the Public and Ourselves, A II Reports Are Subm11£ed as the Confidential Property of Clients, and Author
ization for Pub/,carton of SraremAnt s. Cnnr:lusions or ExtrAc/s from nr Regarding Our RPoort sis Reserved Pending Our Written Approval 



Chemical Waste Management 
Page 2 
Lab. No. N 022840 

TEST RESULTS (continued): 

Parameter 

Moisture, % 

% Carbonate *#1 
As Received 
Dry Basis 

% Carbonate *#2 
As Received 
Dry Basis 

Parameter 

Moisture, % 

% Carbonate *#1 
As Received 
Dry Basis 

% Carbonate *#2 
As Received 
Dry Basis 

Parameter 

Moisture, % 

% Carbonate *#1 
As Received 
Dry Basis 

% Carbonate *#2 
As Received 
Dry Basis 

Parameter 

Moisture, % 

% Carbonate *#1 
As Received 
Dry Basis 

% Carbonate *#2 
As Received 
Dry Basis 

Boring 16 
3A 

18.7 

17.0 
20.9 

17. s 
2L S 

Boring 21 
3A 

19.7 

16.7 
20.8 

17.1 
2L 3 

Boring 26 
4A 

17.8 

4.6 
5.6 

2.1 
2.S 

Boring 32 
4A 

12.8 

18. 9 
21. 7 

19.2 
22.0 

- continued -

A - 146 

Boring 16 
SA 

22.7 

1S.4 
19.9 

lS.7 
2 0. 3 

Boring 21 
SA 

12.1 

18.4 
20.9 

18.9 
21. s 

Boring 26 
SA 

19.6 

14.5 
"!f) ("\ 
..L0.V 

14.9 
18.5 

Boring 32 
6A 

14.5 

19.8 
23.1 

20.1 
2 3. 5 

Boring 16 
7A 

14.2 

18.1 
21.1 

19.3 
22.S 

Boring 26 
6A 

14.1 

19.3 

19.6 
22.8 



~hemical Waste Management 
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Notes: 

*#l Percent carbonate calculated by procedure l) neutralization 
potential. 

*#2 Percent carbonate calculated by procedure 2) calcium 
carbonate equivalency. 

Respectfully Submitted, 

~~~$:I~ 
Mark A. Bing~ 
Project Chemist 
Organic Chemistry Laboratory 

1-Client 
2-File 
MAB/pc 

A - 147 



APPENDIX B 

INJECTION WELL LOGS 
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schl.G"-·()'hfo Division Of Geological Survey s- 2145 
Pecmit No. --~2.±_1~0~c
Permit Issued 2-24-72 
Qua ill angle __ _:C:clo.,Y'-'d"'e"---· 
T>vp. Quart('r -----

-
LGnd 0.·;:-P-r >·~.,.o Liguid DisEos.el Well No. 1 Dote Commenced 3-l-72 Opera. tot ·=~-:i 0 Liguid Dis:Qosal) Inc. - Well No. Date Completed 3-16-72 Elevation Bar s. L. / Total Depth 2933' Plugged Back -
Formation Drlci. 7o. ;. -· - Prod. Form. Prod. Nat. 

LP. 
Init Rock Press.. ---·- .. 

Casing Record 8" 643'- 51:11 2809' 
Abandoned 7-23-80 

Formation Top Bottom I Remarks II Formation Top Bottom / Rem 
X= 1,867,877 Conasauga 2481 2606 Y= 621 ,t.JO Rome 2606 2748 

Shady 2748 2810 
Overburden 0 65 Mt. Simon 2810 2932 

Granite 2932 2933 TO PLUGGING REPC~.T ll22-80 \ 

Big lime 65 605 
Trenton 1667 1828 

! Black river i 1828 2312 I 
' Gull river 1 2312 2363 ! 

G l emvood i 2363 2366 i Knox 12366 2481 
I I I i ' ' ; 

-
Fo: .::.::ion Top Bottom Remarks Formation Top Bottom Remark~ 

NSR 11-7 ·/2 
\) ~~:1~ Csg. 8 -5/8"-643'; !:2 11 -280 ' -

.-.' . • B.Lm . 65 604 
' Tren. 1666 1828 -

I B.Riv. 1828 2323 

I Glen. 2362 i 2366 
L.Copper Ridge 2366 2481 
Maynardsville 2481 2606 
Rome 2606 2748 I _Shady 2748 2810 
Mt.Simon 2810 2931 
TD 2932 

I 
I 

' ' 

I II ~ I 
B - 1 



! 
I 
I 
I( 

--,--,---L- _L ___ _l ____ L_ l ____ L _ _L__ _ _j 

SCHL:GRN,Cal ,D,Cn,L I .W.D.W. #19 Permit No. _._2..,_3..,_5 _____ _ 

SIRD: 3DV _~ 

: Junty~~''-'lJ-'"S""'K_,_y ___ _ 

Permit Issued ~9::-~5,_-:-'.7_.,9c_ __ ~ 

TownShip -~~-"-'..W..-'--------- Quadrar:gle ~Cul_.,y_,.d""e'-------

St•ctl..:-n .2£ ___ Lot _____ Troct Tv••p. Quurter -------

\( ~" s me J --~1~2;"4~. ::2~0::-' :.-'N_,.L_v&'-'-2,_3 7'-7'--'9'-"5'-' _,_,E L--'-ouf__,.,S,.e,__c ~· _.2-'-6'--------------;:;-;:----;::~~-~;:;;-;---;::--:::---

20 acres Mt Simon - TWDW - R I 

!._end O·mcr Ohio I iq1dd Disposal, Inc Well No. lA Date Commenced ----;9;,.--;1~0;--_;,7.;:9,----

C'~crator Ohjo I iq1dd Disposal, Inc Well No.-==.,---- Date Completed ----'9'--_,2:-'7_-_,_7_e9 __ _ 

Eln·ation Bar 606 ]] ' 616 • 11 'KB Total Depth 2980' Plugged Bock -------

formation Drld. To Pre-Cambrian Prod. Form. Mt. Simon Prod. Nat. ----------

A/W 1M gal 15% HCl 10-18-79; A/W 4M gal 15% HCl 10-23-79 J.P.--~~~-~~---

lnit. Rock Press. -;-,...--:;-;;-;-~;-;:-.---=~=c-r=.-=""-~"==.---
16" 43' 125sks, 10 3/4" 632' 500sks, 7" 2342' 

Casmg Record 

Formation 

:care, COMPLETION 
Big 1 ime 
Clinton 
Brassfield 
Queens ton 
Reedsville 
Trenton 
Black rwer 
Gull river 
Glenwood 
Copper ridge 
r!aynardvi 11 e 

Top Bottom Remarks 

3-1 2-80 
50 

600 
700 

I 743 
! 840 
\ 1672 

1820 
2307 
2360 
2366 

I 2450 

600 
700 
743 

l 840 

wtr 

I
' 167 2 1 

1820 : 
! 2307 !s/g as 

2360 i 
2366 I 
2450 i' 

2594 
1

wtr 

1850' 

Abandoned 

Formation ) Top ) Bottom 

X=l,867,600 I 
Y= 621,450 
Rome 2594 

i 
Rome 2656 

1 Shady 2746 
I, Mt. Simon 2808 

Granite 2936 
II COMPLETION 8-6-80 I 
!i Added treatment il)format 
[i I 
II I 
II I 
II I' 
II 

B - 2 

2656 
2746 wtr 
2808 
2936 I 
2980 

1
TD 

on. 

Remarks 



Lend o .• nec Ohio I iquid Disposal. Inc Well No. _.£._ __ [)ate Commenced 6-17-76 --··-
Orerotot Ohio I iqtlid Disposal. Inc, Well No. Date Completed ll-23-76 
Elevationllru 6D7'G 615'Df 616'KB (6]8'KB) Total Depth 2961' PluggedBack --------

F0nnotion Drld. To Pre-Cambrian Prod. Form. Prod. Nat. ---------

1 A ·w 5M a l . !.P. ----::-:=-:--------
IWDW I nit. Rock Press. -----..,...,-.,....,....,.---=,.....,-:c=-:-:--::c-c:--::-::-::-::-:-------

lO 3/4" 629'500 k 7" 2371' 3'" 2800' I Casing Record s s, ' '2 Abandoned 
' 

I Bottom l lr formation 
.. . 

' formation Top Remarks Too Bottom I Remarks 

Date: COMPLETION 3-?0-78 X= l ,867,397 
Glacial deposits 0 60 Y= 621,418 
Big Lime 60 600 Glenwood 2360 2370 
Shale 

I 
600 690 Glenwood 2370 ! 2380 

Dolomite 690 700 . Knox 2380 2440 
Shale 700 71 o I Sandstone 2440 ; 2590 

I 
i 

Dolomite 710 720 ! 1 Rome 

I 

2590 I 2820 
Shale 720 880 I I Mt. Simon 2820 2930 ! 

' 'I 

Dol amite ; 880 910 I' Basement 2930 2961 
Limestone 

I 910 960 ' 

' I 

Trenton 960 1560 I I 

Black, Gull river 1560 2360 I 
I II 

lo 

B - 3 



f· 
I J> ,;,I,,,·--~ I ___ _L __ j __ ___l______ S-3416 

SCHL :GR,Ca l ,D ,CB, L, I Pet mit No, -~2=-25~--==---
BIRD:GR,Cal ,D,3DV, Tr ·* ,,_' , " , .. 1'"''' #13 Petmit Issued--;l:;.,-,-'2'-'8;----'7-"6'----
county SANDUSKY Towruhip -----~R±I.!:L!oE.!.Y _______ Quamangle _ _,C,_,l,_,y~d"'e __ _ 

NP-q Secti01: _ __Lu__ Lot Tract Twp. Quarter-----

'~,__lli}~El of NE" Sec 26 

Land 0-vnec Ohio I iqtlid Disposal, Inc. Well Na, --"----Date Commenced -~7-:;:-_cl:;c--!:'76~;--
0pecatm Obi 0 I i qtli d Di spas a l, Inc Well Na, Date Completed __ lLlL:-""2c.:2_:-'_l7_u6c__ __ 
Elevation Bar ( 608 8' 51) 607' 618' KB Total Depth 2960' Plugged Back --------
Formation Drld. To Pre-Cambrj an Prod. Form. Prod. Not.---------

~u/~W_5~M~g~alL-~l~5%LDH~Cik_ _________________________________ LP. _________ ~---------

I.W .D.W. I nit. Rock Press. ------------,--~c---c---------

Casing Record 10 3/4" 663' 7" 2369' '3t" 2800' , , '2 Abandoned 
-

Formation 

Date{QMPLETION 3-3( 
Glacial deposits 
Big Lime 
Shale 
Trenton 
Black, Gull 
Glenwood 
Glenwood 
Knox 
Sandstone 
Dol amite 
Sandstone 

river 

Top l Bottom 

-78 
0 

67 
665 

l7oo I 
1820 i 
2360 I 
2370 1 

2400 : 
2440 ! 

2450 
2460 

67 
665 

1700 
1820 
2360' 
2370 
2400 
2440 
2450 
2460 
2500 

Remarks II Formation Too Bottom I Remarks 

X= l , 868, 122 
Y= 620,380 
Dolomite 2500 2570 
Sandstone 2570 2600 
Dol amite 2600 2700 

I Sandstone ' 2700 ' 2720 
I Dolomite 

Sandstone 
i Dol 0m1 te 

I
I Mt. Simon 

Basement 
*DIA-LOG COMPANY • 

i 
' 

B - 4 

2720 2740 
I 2740 ' 2750 

2750 2820 
2820 2 890 
2890 ' 2900 
Casinl Profiie Calipher log 

! I 



'~- C~~~ -1 I __l ___ L __ L__ ____ ~---- S-3417 

8 I F.: • :;p, Ca 1 , D, CCL, I, JDV, Tr 
Di-1 ::: •:, ~-- : ·. :• 

"14 ,. 
" \----~ Permit N'o. 226 

SANDUSKY 
Pet mit Issued --:l~-~2~8..:-_!_7C!_6 __ _ 

Townshir ____ _eR"'-1-"-L-"-EY"--------- Quadtanglc --"C_,_l '-'Vd,e~--

Section _Lll __ Lot ____ TNcl Twp. Quurt<"r ___ _ 

Inil ?.::ck Press.------------------------

Casiog Rec<Xd 10 3/4" 637' 500sks. 7" 2388', 3!:;" 28?3' 
- -

;::-.:Jrmation Top 

; Date: C0~1PLETION 3- p-78 
! Glacial deposits 0 

Big Lime 67 

! 
Shale 665 
Trenc:on 1680 

1 L irrestone 1830 
Gl e,.·,.,cod 2370 
Knoo; 2420 
Sane stone 

I 
2426 

Do 1 o.coi te 2432 
Sancstone ! 2435 
Do 1 O'''i te 

' 

i 2446 

Bottom 

67 
665 

1680 
1830 I 
2370 
2420 I 
2426 • 
2432 
2435 ! 

i 
2446 I 
2481 

Remarks II formation 

X= 1,869,065 
Y= 620,485 

Sandstone 
Shale 
Dolomite 
Shale 

I
I Sandstone 

Dolomite 
II Sandstone 
,' Do 1 amite 

,I 
" 

Mt. Simon 
Basement 

B - 5 

Abandoned 

Top /Bottom 

2481 
2509 
2519 
2520 
2529 

' 2694 
2711 
2 712 ~ 
2797 

i 2905 
I 

2509 
2519 
2520 
2529 
2694 
2711 
2712 
2797 
2905 
2910 

Remarks 



' 

I 
I 

I 

! 

i 
! 

I - - _ _l J l l -- _ _J 

c l' u n t y --~'cc· ~\_-\"' nLiiLJ S.=KLY~------- Towns hi r _._R,.Ic:clo-E,_,Y,__ 
~o-:tion 26 Lot____ Tract 

lJLO_.w. Perm it No. _ __:2::_3::_7__: __ _ 
Permit Issued 6-11-80 
Quodr~:ngl.: _ _::C_:Ic'_yde 

Measured s;.63' NL & 612.11' WL of Sec. 26 
--='----,"Mt. S1mon" - !WOW- R.I. 

Ln;1J o ... •ncr_.I.[:'Cr·uiJ.OLJL_lJ.C. q'i.I!U_ci.>!d'-:D'-i._,s<Jpeco~s,a_,.l_,,__,l;-cn.cc"-'-. ______ Wt>ll !':c'. ~5:_ ____ D.1te Commr-nced ______ _ 

Ot:'-crator Qi-io t jqujd Di.sposal, Inc. Well No. Date Completed 

Elevation B<:lr _ _::c.L<__: _______________ Total Depth____ Plugged Back 

fonnation Drk - __________ Prod. Form.------------ Prod. Nat. ------------

---------- J.P. -----------------
In it. Rock Press ----------------------------

Casing Record Abandoned 
. . . 

Formation Top ! Bottom Remark~ II Formation I Tor I Bottom I Remcrks 

X-1,865,375 

I y~ 621 '520 

' 
' 

:I ' 

I ,I 

j' 

i 
I! 

I 

II I 

B - 6 



_ _L ______ __L ___________ L -- __ _i __________ _L ______ __! {Of.J"L-f'JJ 
I .W.D.W. 0 , Permit No. 2 38 

c ' <~IJQIISKY 
/1·!/·5/ 

T0'Hn5hip --'R'"'I"'L"-'E~Y._~~-~~~~~~~-
Permit Issued 6-11-80-~ 
Quadmngle _ ____(:l)'de __ 
Tv.r. Quuner_~~~ :;,:-ction --~~~- lot _____ T:-act 

\', ,. c -" d -~_:;~"'-J"-'6....:z9u8_' _S.lii----'&L-3u.2__.1-"9_._u84,__' --'E-'L---'-ouf_____,S_,_e"'c~. -;:;';-;-------;::-:-----;;--;-;-;-;:;;-;--;;~~-~-------
" 

LL;.~~ -:>.~.~·-- ·'uia iqtrid Disposal, INc 
Ope~-::.t.cr nbj 0 iqt~i d Oi sposal, INc Well No. Date CompleteJ 

Elt'vcuon Bc.:----1;>1.1-:>-'----------------- Total Depth~-~--- Plugged Back 

FCJr~J,·.tJ;.;n ~r_ ,.__ ___________ Prod. Form.------------- Prod. Nat.----------

--------------------------------------------LP. __________________ _ 
lniL P.0-eJ.. P:-e;~- ----------------------------

Casi r;g Re-<:C~r:: A ba d n oned 

---- F ~--r:-ne:: .:-...., I Top Bottom Remarks H Formation Top Bottom I Remar~ 

X=l,866,780 
Y= 622 '100 

"'')1\-567&9 i 
·" l'o 

I 
I ,;;;- ,( 'i' 

/ c· !'.- -0 
r c.-:' 7' f.() /:: 
Vc: 1 ..... '·' 1 ~ 
'n,: - .:.:c,... 9o.? ::;;: 

I 0-:1 . '· , iJi .;: '•' I :J '_,. '/ ' 
I 

~ v/ .• , f'D _, 

I I.;-,\ \. '• f' 0) 

~~ 'uJ ,"V 
' q; 

I 
! '-"._') 0' 

•c_$:') -

.:?f"_/•zc:.,(. 
~ I 

I 

I I 
I 

I I ! 

B - 7 



APPENDIX C 

WATER WELL LOGS 



NOTE: Well log numbering is not necessarily consecutive. 

All well logs collected were re-numbered at the 

lower right hand corner with numbers that were 

assigned by ODNR during their logging procedures. 

Additional information such as elevations of the 

ground surface, identification numbers, and 

miscellaneous comments is often added to the 

original copies by BOWSER-MORNER, INC. personnel 

to facilitate analysis. Examples of such additions 

are shown on the next page. 

c - 1 
BOWSER-MORNER 
Testing Laboratories, Inc. 



' 
NO CARBON PAPER 

NECESSARY

SELFPTRANSCRI BING 

WELL LOG AND DKILLINv Kt:t'UK.I 

State o! Ohi<> 

DEPARTMENT OF NATURAL RESOURCES 
Division o! Water 
Fountain Square 

' Columbus, Ohio 43224 

I o .. -

II 

COUNTY :\, ~J ~ Jc.. 
I 

OWNER (1), L... ·() 
. TOWNSHI P--'Q'-'-'.-'''-'<.....,===!------- 5 7c:T..JON-Q F-'TOWNSH I P· ___ :::._ _____ _ 

.J. ~ r ADDRESS _,:)~O::::__Cfc.__.::;L.:..:-'=L_'-''-''C..·.:.:f '-'":f--'-_,--!_f_/_'<__:,._:._:.:J..:·=-._· _Q~--

LOCATION OF PROPERTY 

BAILING OR PUMPING TEST 
(specify one by circlincl CONSTRUCTION DETAILS 

I" • I ,) I( ? / ,_ 5() 
:as i ng diameter ----''"c..· -...-, ?'-..:.:.'.:::.-~: "-' ~ Length of casing ---'~-'-.:::...--l Test ·rate _..c..:>=.::::::...__ gpm 

/ 
Duration of test_~ ____ hcs 

rype of screen----------'- Length of screen --------l Drawdown _:._:.:./__:c.SJ::__ __ ft Date -.:-:10'-~-...':C:_"-.. _· .::<':"-' _,/:___ __ _ 

rype of pump --------------~------1 Static level (depth io water) ____ -"'/:.....::0:::.__~-=-~~-- fl 

:apacity of pump ___________ ·_·--------'-1~ Quality (clear, cloudy. taste. odor)_U:._:.:(c<...'..:/F<:__:J:::__£J_' _ _c~c..=:::..:...,... __ 

; 

)epth of pump setting --:;---:----:,....:---------4---------------------------

)ate of completion _ _,;)'-~---'~=------'5:"-." ..:./_· ·_,_, ~---~"7'""L,_-rl..!:P'ump installed by--------------------

WELL LOG• 

Formations: sandstone, shale, 

limestone, gravel, clay 

: I 

r{Jr"T r Y 

it-/ I .J 

/"V I'" .... 

? 
Oft 

_ ___,_L __ ----f-----+-----lw 

I 

J 

SKETCH SHOWING LOCATION 

Locate in reference to numbered 

state highways, street intersections, county roads, etc. 

N 

,._I 

---------------+----~----~~---- c:. 

E 

DRILLING Fl RM__oTco.olB=B~OL=E=S_\"-'VE"-"L=L _,D'-"R,_,IL""L_,_IN:.:::GL.., ..::IN"--C,_,_. - DATE __ 6-=-----=tt~·.::::.<Y-....:'/_~~~~-~~--~---
• 8377 No. SL Rt. 18 .-0.· IV. -'/" /_ / _ ",-:7 """"® 

AD 0 R ESS -----1TlPJ-.rrr-----cm-~-;r;rm...---- 51 GN ED ---"',?(.=/c....: .//'----'''-' . ../0....0:~ """-'.--;l"f-h.'---'=~=::::....--

• :R R 3 Bellevue Ohio 448ll 
. •If eddition.al space IS needed to com61ete well log. use next consecut~ve 2numbered form. a 7 Gf 

--~------·-



NO • 71 (, ::ZQ 

County 5,, • .\" s \ '" Township R\e'-' ,, \: \ 
----.!..:l...W..~o\--- Section of Township ___ _ 

\\ '< "' " ~ '2:. OWner 'S-\~o,r ~c. c_ Address 

Locatiou of property_ \s\ :\cvse.. 'N t \?.., 

~~c_ ~'!Y 0 
\ 

=====-· 
CONSTRUCTION DErAILS BAILlllG OR PUHPll!G TEST 

Casins; di=eter C:.,'/4 Length of casing...:u_ PU!!!ping rate. __________ G.P .M. 

Type of screen. __ ~Length of screen Duration of te.st. ________ --"hrs. 

Type of pump.~------~----- Drawdown, ___ ft. D<:.te ____ C?"-. -=...:.f_CI_-_,1'-Cf~ 

Capacity of pump. ___________ Developed capacity _________ _ 

Depth of pump setting,·_--------- Static level - depth to water _ _,:./"".1 __ ft. 

Date of conplet.ion . ....;_. ----------Pump installed by __________ _ 

WELL LOG 

~ I 

Formation I From 

c.\~ I 0 3(, 
I 

"' 0.. \" '2,_ \"'"" I CV\ 
I '\\'O.IJ~ "\(, 
I 

"'s. ! . ·sg 
' ' \1. I 

------
Drilling Fi:::-n '\?,..,,,_,,,,~," D-.,\\.,,') C, 

\ 
Address -------------------------

c - 3 

SlCErCR SHOWING LOCATION 

ll. 

7 -· 

s. 

Date ______ ~2~-~~~q~~~~~--

copied ·cy ____ 7~r"'::c;,.L----
23 

NoT loc.I•\Te.cQ 



. -24 
NO. ----

County 

-· 
CONSTRUCTION DErAILS BAILING OR PUMPING TEST 

Casing diameter Co Length of casing -13 Ptunping rate. ___ _;_ _ __;::;w_ ___ G.P .M; 

Type of screen. ___ Length of screen Duration of test. ________ ..;hrs. 

Type of ptunp, ______ ~------ Drawdown ·;J. ·ft. Date._~/'---· "-'1;:_-"'59_,_ __ 

Capacity of ptunp, ___________ Developed capacity. _________ _ 

Depth of ptunp setting, _________ Static level - depth to water 8 ft. 
1' 

·Date of completion. __________ :Pump installed by ____ -'--'-----

Formation 

"\-e.\ -c\c...\ 
\,\. c\c..'\ 

+ou+ \.\_ 
1-s. 

L -;;_ 

W<>-\e.{ 5CJ '(,o' 7Q 
' / 

(1-\o~ ~ d.,UM..) I 

• . l' 

From To 

a 1'1 
3:Z.. 

1 <1 ~:U..-_[}v 
-Fe 

8o w. 
') 
' ' 

1.' 

P. 
fl 
\ 

I 
Drilling Firm __ ~_._D.::'-'"""-~.::::_:_"'.:...< __,'\)"--'-' .;_' ':..:.':..:":.::~::c'\~------- \ 

Address. ____________________ __ 

c - 4 

N. 

E. 

s. 

Date. _______ ~?~-~~?~-'-t~~~-----

Copied by;_· ___ ...:.;['.,:,.....'-------

-



NO CARBON PAPER 

NECESSARY

SELF-TRANSCRIBING 

/; 

~·--- --- ---·- ---------- --------
C ) State .of Ohio 

· DEPARTMENT OF NATURAL RESOURCES 
Division 

65 S. Front St., Rm. 815 
Columbus, 

of Water 
Phone (614) 469-2646 

Ohio 43215 

I 
No. 4 0 5 0 8 51 ) -+-

E c K.q~" 

f ! / 1··? :___(_r .1-,t 
County· _ __: _ _;_ __ ,..;_~- TownshiP--'-"''"'-,_;.----Section of Township_::-=--:------

Owner --'''-1-:~'_·'-..·;"-'P=M="'·~£-v~· -'-,J__--'~-.y"'(n"'""""'-.(_.,....;'_.·._,"-f'-. _·J __ Address t/ J_~ :~~~~ .... ,: .G:-:.~ A·-~<;:_:;·~,· 
- .j ~-l ..! --.::: t! I~ "1 /( "I/ ... / t? ;; .F /.· . ~ .-"': 

Location of property __ ,_. -·-''-"-·~"'-'.:..• ----------"'-. "'-~-··..:<o:.'--'---''-'....:...• _:.''..;.;'·;__-'.;."'..;.·c::..· _:fc.;'··..;.· '-"'-· -~~:.....:.·----

CONSTRUCTION DETAILS 
BAILING OR PUMPING TEST 

(Specify one by circling) 

'' -· :_j? I Casing diameter ------.L_....engtb of casing·-=-~-1 Test Rate. ____________ G,P.M. Duration of test;__ ____________ hrs. 

Type of sere"" T.ength o£ scree" Drawdown "1-··,.c-,' ·' ft. Date•----------

Type of pump · _, . • Static level-depth to water__:1..,
1•;;.'---------..l f<t. 

Capacity of pump---------------! Quality (clear, cloudy, taste, odor)---------

Depthofpumpsetting·~------~-------------~------------------------------

Date o£, completion Pump installed by 

WELL LOG* SKETCH SHOWING LOCATION 

Locate in reference to numbered Formations 
Sandstone, shale, limestone, 

gravel and clay 
From To State Highways, St. Intersections, County roads, etc. 

tf_ ,& , 0 Feet 9 ' Ft. 
- ----------. ----;JL--r-------- --------
-----"'----~~-- -'-3._~-- __ !/._":_~-

"'l(!~ .. ' ~ s 3 _____ _.1±;_---._:.p.;_~- _'f._?,. __ __ '"t L:- (, 

------~~~~~ .... 0~-__;Lf:I..-!?_'_+ ___ s-_~~ 

~ __., -,___ 
~ - -- ::0,. ---- -----

/occ_~p, ~ ~ 3 """'\ W. _____ LI,:;______ ----1 

~~ ~~~~ -~~~-+--~-----

~ ---------------- ~---1-------
~ 

-- -~-----+----_, 

-·--·------------ ----------1-·---

::-·-------------------'-------!-------
.. ~ 

N. 

s. 

Drilling Firm __ ;...;"'_ -'·'-·..:.1-'.;,:o.C_..:.r~. _::.._c...:..•..:.--(;:.·---:.' "' .. -;:.·:..__ 
fl 

Date ----~:..-::..' -''-''-"-·'-'--,..;_;...' ..:.--:......:;/_7:_:_.-,___ ______ _ 

Signed----~~~~--·-~:......::__;.~_. __ ..;.;o:. ___ ~··j~ 
Address 

; ' .
/{' I ( • / /' 

/. ' • ' - -(_..-~.L 

- / •.• :., _lpl ,.:_.. ~ ,..:;_ .-;'· __ ;. ~--~J:f.. "---~::: I (_( /:~~--; 
>!<If additional space is needed to complete well log, 

\ c~s 
use next consecutive numbered form. 



WtLL LUc.; AI'ILI iJKILLING KEt'OilT UHJGIJ~III. 

PLEASE USE PENCIL 
OR TYPEWRITER 
DO NOT USE INK. 

State of Ohio 
DEPARTMENT OF NATURAL RESOURCES 

Division of Water N ~l 318 4 8 3 
1562 W. First Avenue //'"; . .!jr 

Columbus 12, Ohio r 1-- , 1--.-. 

County ...... LJ . .:c.t.)i;_~..,.:..J.~f/ Township ....... R.~~·················Section of Township ....... ~ ............. : ................. . 
Owner .......... .LUCk114-'-'···fJ.;.t~~L ... L£L.~;l)Address ..... .J~t:/:!£.~ ... ~~t!. ............................ . 
Location of property ...... J../l-Lt. .. .r-.... i../MH.':.t!:~( .... ~~--~!. .... fl./... .. "!..l:..~7._ .............. -.......... -............................ . 

CONSTRUCTION DETAILS BAILING OR PUMPING TEST 

. . .!:1. .k " . !i.). J Casmg dtameter ··- -¥--·-···Length of casmg....... .. ···-·· Pumping Rate.·-·-··-···G.P.M. Duration of test. ............. hrs. 

Type of screen ....... ____ ............ Length of screen ..................... Drawdown ..... ,;?.. .. tJ.:. .. _ ... ft. Date ............... -··-··-························· 

Type of pump·-------··················-·-··············-··········-··-··········-·· 
Static level-depth to water ...... .1~~---···-······-·S!J.::J ..... ft. 

Capacity of pump ............................................................. --··········· Quality (clear, cloudy, taste, odor) ...... .,du.t;;J} .. o:~"'"'-········ 
Depth of pump setting ............... ----······-··························-······-· •••-••-••-••-••••••-••-••••••-•••••~•-••e-•••••••••-••••••••••••••-••••• •••••••••• • • •••••••••••• • 

Date of completion ............................................... - ........................ Pump installed by .......... -------------------------·---·-----------

WELL LOG fco5 SKETCH SHOWING LOCATION 

Formations Locate in reference to numbered Sandstone, shale, limestone, From To 
gravel and clay State Highways, St. Intersections, County roads~ etc. 

(.-/:t(J 0 Feet ... ::Z .... Ft. N. 

B J 1 I) 5 ~~ Ci:.;jl ~ .... ___ J I 

.A-P-v-~ Jj.5' -;/' /.)"'3 . ·. ~-- .-'"1/1(':; :;; 
~ 'l, 'l .......... ~ ...... ,---,- .... .. ~r,~·tt· 

t, 
., 

' ---... ........ 5;- ft 
~;;·W ... w 

~ ~--;/"(;' " • ·I -::: 
w. .)"'tt 

E. 
5. J?A 1::- ~ - . 

s. 
See reverse side for instructions 

Drilling Firm .. 1Y./..:f.] .... JPe$J. .... fJ..<LdLD~ Date .... YJJ-;t-... .2: . ./!!. ... '!'-:.. ... '(J, ............................. .. 

Address .... .7./.'J.~ ..... (Q_j)t!J·:?.::'d • .dt!'...J.lf Signed ... CL-x,.::~d.L ....... !!:../..~:::C~-~==-••----· 
U!~'- JA-~k~i~ {)/~ 6 (Gtp) 



State of Ohio 
( PLEASE USE PENCIL 

OR TYPEWRITER. 
DO NOT USE INK. 

DEPARTMENT OF NATURAL RESOURCES 
Division of Water 

1562 W. First Avenue 
Columbus, Ohio 

tY No. 244877 

Countyo.))J.I(.;}.J..:..J:.)(.; ........... Township .... ./l.!. .. t... .. f: ... ':e: .•.•••.•.....•• Section of Township .............. 2.3. .......................... . 
Owner /]a .•.. C:= ..... .-. . ._.<.:. . .';:: ... t: ........................................ ~ .... Address .. !L,E.-'--. ../. .... .V., .. ·c__,-:.~:t:'?7'::".F .... (), ........ . 
Location of property .... J~,:# .... /1.:~,~.;,.r..H ....... <!.E. ..... C.:... . ...; .. iJ...C. ....... ~~:II. ..... J.~4J:"..:C: ...... :f::L .. <!. ..................... . . ' 

.. 

CONSTRUCTION DETAILS BAILING OR PUMPING TEST 

• J . 71! Pumping rate.f.q ....... G.P.M. Casing diameter .... H..f. ............ Length of castng ..................... Duration of test ..... - I hrs . 

Type of screen ...... ::: ................. Length of 
~ 

screen ..................... Jc' Drawdown........ . ............ ft. Date .. /!1. .. :.-!. .. 0. ... ~':..CJ. ..... 
Type of pump ... ::::: .......................................................................... Developed . id C-/'/-"1 capac1ty ........................................................... 

Capacity of pump ....... ~---···············--------------·-················----------·-· Static level-depth to water ...... ············-----·············· ft. 

Depth of pump setting ... :::~---··········-····-·-·················-·-------.. ·········· Pump installed by ....... -:":::: ................................................ 

Date of completion/f!..::::::L.f!. ... ~ .... C.d .......................................... 
-

WELL LOG (t){)O c 
SKETCH SHOWING LOCATION 

Formations 
Locate in reference to numbered Sandstone, shale, limestone, From To State Highways, St. Intersections, County road gravel and clay s, etc. 

c .... ,.v 0 Feet .. ~ . .!' .... Ft. N. 
/ c.".! 7ti ,.f "i-Ntl J J' '' l 8Av .51/4L c I ,_j'-c szq ' I 

.1. /I:;-L.·..,es rc..v f? 7/..1.. 
G. -1.1 ,. ·-. 

D 
f..<.rt: .. .:.. 

w. J 
' 

,.J,lill 
'>;'Is.£. 

E. 
:-

.[';•':Jt. ;•' 

"" ~ 
~ 
~ 
,I .., 

.l.~ -.. vf • . 
C<-(Pa_ 

See reverse side for instructions ---- ·---~---

0 . . r 
Drilling Firm I-\-<'--A--~--c .. C. . .£.!!..<Y..d>.: ........................... .. 

Address __ fl._<,;__k,. .. b. .. t'. .. ~:.Jd. ... f/ ... .J.:., .......................... __ _ 



, 
State of Ohio 

PLEASE USE PENCIL 
OR TYPEWRITER. 
DO NOT USE INK. 

DEPARTMENT OF NATURAL RESOURCES 

7 ()~No.· 266815 
Division of Water 

1562 W. First Avenue 
Columbus, Ohio {~ (,;.. (. \ · 

I .;,-- -u · ~----, )· · -~ · ;2·3 Count~.Lil.l<.i! .... -J_4. .. ----······· Townshlp .. ,<k:!.V.<'LLtLY..t •....•............ Sectlon of Township ................................................. . 
I 

Owner .?.::., ... /( ... C../1-.J ... f..E/.:u.<!. ............................................... Address /(,_ !?.~ .... f!i .. <; •• ,.:.Q.flj:,'_I .. 0.., ... . 
Location of property ... J.. .. /.Y.l .. < •• < ••• ./.J~.:i1.Z.t:f.. ........ c.:.E... ... .C.!J.../~.O..£:'. ...... a.&.. .... J.z .... £.<f. .... £/t!.. ................... . 

-·-··· -- .... .. ----

CONSTRUCTION DETAILS BAILING OR PUMPING TES T 

c . d' ~ L h f . '(Y astng tarneter ..... ................. engt o castng .... -................. Pumping rate .. ./<L ..... G.P.M. Duration of tes t.../ ...... hrs. 

Type of screen ... _::: ................... Length of screen .. ·-=·-········ '-A/ Drawdown ...................... ft. z.. Date .. .Z.:.!..: __ ( __ · __ 
Type of pump ... _:f.!:' . .iL ................................ - ................. : ............ Developed capacity .. ./.J!. ... -'.~ .. J?..f:J .................... 
Capacity of pump .. ../f.~.J:../?..LJ.:L ........................................ Static level-depth to water .... /l. .. E~:.c.~.C. .... 

r;· t) • ~ 4. . / Depth of pump setting ............. _.!.:r..r:.C. .................................... Pump installed by.. q __ .... e.r.: _ _f;_,U~A:.>!: .......... 
········· ......... ft. 

Date of completion. ..... .? .. : .. !...:: .. ~--~·-······································ 
.. ---

WELL LOG ~DO SKETCH SHOWING LOCATIO N 

Formations Locate in reference to numbered 
. Sandstone, shale, limestone, From To State Highways, St. Intersections, County 

gravel and clay 
roads, etc. 

r.'/ s,., 0 Feet .... ..! ..... Ft. N. /3'78 s. ' 
'-

~ 02.. t!t. ,_ 
j-1 /II? /) ;J /t #' 

.y .5-"1'6 l<J ~ 
L ' r" .J' i d t(/ t' ..5:.2. t.. ~ 

/Vl .8:5 ru 'NP ' r- --' 

1.::.-:..ro 

.Y"JA.r.: I~ , 

w. E. 

.JfliT 
c' 

J70 

c . v /J 
'"I 

(:' 

s. 
See reverse side for instructions 

(,.) l -·· ' 
Drilling Firm ······lJ~LI-,, ... \.,'!.:.L, ..... :; .. 1..>.:i<.-o............... Date ................................................................................. . 

Address ···:·······························-4:._.L.C. .. ;2.Q.L~.,r.,_,~._Tf.Y, Signed c - 8 ······································-~·-···························· 



State of Ohio 

PLEASE USE PENCIL 
OR TYPEWRITER. 
DO NOT USE INK. 

DEPARTMENT OF NATURAL RESOURCES 
Division of Water 

1562 W. First Avenue No. 272052 
Columbus, Ohio 

Countyb~,L4c~~y---- Township ... ./lr.::./Ly. ................. Section of Township ....... 6: ..... C/..':/.. ..................... . 

owner .. /1,.t;t-;:..N.!.L'~:.:..:~ .... W...c .. J.;;. .. s ... kf--·---------Address .B-~1----£/.?..~ .. ra.o.N. . .t .. O.it .. l .. o. 

Location of property __ ji_ .-::.£ ..... J(. ... G=-:l~.:~~!.L....tJ!K'=~--------------------- .................................................................... . 
CONSTRUCTION DETAILS BAILING OR PUMPING TEST 

= 

I. 
Casing diameter -----4'--!.f ........ Length of casing .... ~-~-:.: .... Pumping rate ..... :LL.G.P.M. Duration of test.../.. . hrs. 

Type of screen ............................ Length of screen ..................... Drawdown ........ /.9-------ft. Dato/.,.:f .. "!. ... 6. ... k ......... .. 

Type of pump ................................................................................... D ev eloped capacity .............................................................. . 

Capacity of pump.......................................................................... Static level-depth to water ........................................ ./. .9 ..... ft. 

Depth of pump setting ................................................................... Pump ins tailed by ................................................................ . 

Date of completion ........................................................................ . 

WELL LOG 

Formations 
Sandstone, shale, limestone, 

gravel and clay 

1~~ 
H.re-rJ. (fa..-.) 

/Po c.-k 

... 
' 

From 

0 Feet 

To 

............ Ft. 

1'6 
35'" 
7'-z.-. 

gz._ 

,r" .f ··'? 

Drilling Firm .... C ... :/. ...... cSJ. ... J-&:~\~.LJQJ.,I.i-.C.f .. --'~--1:'> 
Address .Lf. .. t... ... /: ... ~.t::.(L!.Uu.L ... (.f}(,_~ ........ 

===========~~-----~~cc· = 

SKETCH SHOWING LOCATION 

Locate in reference to numbered 
State Highways, St. Intersections, County roads, etc. 

N. 

011,0 
·-·-·---·-· 

w. E. 

I 
s. 

See reverse side for instructions 

Date ...... ../.. .... ~ ...... .3 ............... "-.. -~ .................... .. "'"""' ___ a::.r~~~- -
C-9 r({ 



State of Ohio 
DEPARTMENT OF NATURAL RESOURCES 

Division ,of Water 
1500 Dublin Road 

Cohuni.Juu, Ohio 

0-~-
No. 199092 

Co=<T~-TowMM,Jl~(jr-··-·--·'""= of To~"""J)"-'>'-""7'----··-····-·····-····· 
Owner ···-J-(L_--~--~-----~~-----··············--------~dress ... ~ .......... 0...c.ri-::: .... /f...?:: .. lf..l------ . 
Location of property ..... &::~.t.iJd,../}:l,;#._,S:/(?._ _ _.::; __ 1J-m/AW--.Ji. .. W:~#.L"b ....................... :::::~~ 

CONSTRUCTION DETAILS BAILING OR PUMPING TEST 

Casing diameter .. '::f/.7'-.......... Length of casing .. ~.t---------- Pumping rate ... b ......... G.P.M. Duration of test.. ........... hrs. 

Type of screen ............................ Length of screen. .................... Drawdown ........................ ft. Date ................................................ .. 

Type of pump ................................................................................... 
1
Developed capacity ........................................................................ .. 

Capacity of pump ........................................................................... Static level-depth to water ... /J.._______________________________ .... ft. 

Depth of pump setting ................................................................... Pump installed by ........................................................................... . 

Date of completion. .............................................. _ ...................... .. 
==========================-=-= 

SKETCH SHOWING LOCATION 

Locate in reference to numbered 
State Highways, St. Intersections, County roads, etc. 

---=..::.;..,:-"-==-=---l--::-=--l--.-=--1~--------::-:::---------- --
N. 

S.F'I 
l. -- ~-- -· ...... 
I \ 

' I 
'0) I 

.l ', ... ~ 

' \ 
w. ~ I \ 

~~ 
I 
( 

I 
~ l I ' \. 
(~ -- -- -- --

--~ ""· 

E. 

s. 
See reverse side for instructions 

Drilling Firm $:.P..R..1?. .. F..S-:J. ... J.Q.N.E.-$ ....... . 
Address .. :-:2.1~'!!::.~.!:::>2.... .... ~ .......... .. 

Date --~~---=---'~~--&:.. ............................................. .. 

c _·:~·· _:2-1fd4d!::.J-.~--



State of Ohio 

PLEASE USE PENCIL 
OR TYPEWRITER 

DEPARTMENT OF NATURAL RESOURCES 

Division of 1f/ater 
N9 354498 

'33 I DO NOT USE INK. I 1552 Vl. First Avenue 
Columbus, Ohio 43212 

' ~ 12 .-:I } 
. ? (? ;;;> ••. ~~; ~-0 / 

Locat10n of property-----~--'-'---~--- .lr'~ /! · 

CONSTRUCTION DETAILS BAILING OR PUMPING TEST 

C - d" . .-_.. / <" ~· L · /' .A 1 P . G PM D . £ 
asmg l(illleter -r---'-- ength of cas1ng .. ,.t" •• ~-~ umptng Rate_____ . . . urat1on a test. __________ hrs. 

Type of screen_ ________ Length of screen. _____ Drawdown _________________ ft. Dat•--------c·-------------------·----

Type of pump ______ -----------~--- Static level-depth to water.-------------------------... ft. 

Capacity of pump ___ - ----------------------------1 Quality (clear, cloudy, taste, odor)-----C..i.K/l.::L ___ _ 

Depth of pump setting·------------------·----·---I---------~~J._f_?~-"-f.?:. .. _.Q_~2.~ . .J~------

Date of c·ompletion.. ______________________________________ Pump installed by----------------------------------·--·--------

WELL LOG'' SKETCH SHOWING LOCATION 

Locate in reference to numbered Formations 
Sandstone, shale7 limestone, 

gravel and clay 
From To State Highways, St. Intersections, County ioads, etc. 

N. 

~ ?:'--':.,. ~ I yt/ ~ }' I 

----~-!...L!..::: ___________ ----- -------!----- __ , ______ _ 

--- C::._ t=J..J:.. ____________ __ $)! ____ :f_2_ __ _ 

___ _j_Lr.U..K_';..f;_J!JL:s' __ ~--- ___ 7!_) ____ j_§:!::_ __ 

--------C..--------------------------------"---------

----------------~.---------; --------- --------- w 
__ w__ .., ~:,_ __ j( -j~)_f! ';__--_:_~'-! ____ m ____ m____ O 

/ 
--------------------------f--------- ------

--------------------------- -------- --------

-------- --------

--------------------------- ---------1----------

--------------------------- ------ ---+- ----------' s. 
---c ---------------------- -----r----------- --------- See reverse side for instructions 

I 

Drilling Firm -------~~,_.l.---/ ..... :~~----r- ~--------.-- ~--·:-~~_;_:_ ___ :_. __ _ 

Address 
', .. 

-------------·-- ------------- -- ·--- ------· ---------------- ---· -------------
[.t <7 --.t' 

S i gn e d. .••••.•.. _ .V ... .! .. ...: . ~--1 ••••• ,.:-:__ .-;::_ ~~·:..: ~ .-:·::: __________ ••.••••• __ _ 

*If additional space is needed to complete well log, 

c - 11 
use next co!lsecutive nu..~bered form. 

83 



State of Ohio DEPARTMENT OF NATURAL RESOURCES 
Division of Water-1500 Dublin Road 

?I c.; '! 
No. 195709 

CONSTRUCTION DETAILS I BAILING OR PUMPING TEST 
. . 1./ .../- . Ji» ;-' . Castng d1arneter -----r--0'-------Length of cas1ng ... ---~--------- Pump1ng rate _______________ G.P.M. Duration of test ...... ~ ....... hrs. 

Type of screen .. ·-------·--···----Length of screen. .. ~-----------· Drawdown. .. ::-~~.ft. Date ............. ·-········-····················---
1 

~:::c~t~ p;:==~~:=:::===:~~~:=:~-=:~::=::::::::~:=~::l~t::;:
0

~e:del: ::i:~ ·-~:··=~~~~~:~~:::::::::::::::::::=~~::::.~:::::i.·:.-~-~-
Depth of pump setting ............... ------------------·-···---------· Pump 'nstalled by ... --·-··········-·······-··············------······c··········-·· 
Date of completion.. ______________________________________ _ 

WELL LOG 
Formations 

Sandstone, shale, .limestone, 
gravel and clay 

From 

0 Feet 
3 

~J.f~ 11 
*~t-<..-~>-<-- ! c [ 

' 
?16? 

To 
___ ;!. .... Ft. 

{; ,c:, 

1f 

7"7 
Jt: t 

j/t' 

SKETCH SHOWING LOCATION 
Locate in reference to numbered State Highways, St. Intersections, County ro2ds, etc. 

N. 

r~--~, 
t:! 

I (~ W. f{fp..-) E. 

s. 
See reverse side for instructions 

:~ ,/. .. ., , .... /-"" 7 
~-·- /~ Date ---------------_-!;;------···r-----~7 --------------~---···· -:... •••••••••••••••••••••••••• 

. c:-/ ?' ;z >-f. ' S1gned ........ ~-----·-···-.c ... ---~-.. ---



County Permit No. 

I . i 
NO CARBON PAPER 

NECESSARY

SELF-TRANSCRIBING 

WELL - ?C AND ,DRILLING REP0-1' 
State of Ohio 

DEPARTMENT OF NATURAL RESOURCES 
Division of Water 
Fountain Square 

Columbus, Ohio 43224 

ORIGINAL 

554273 

COUNTY s 1\.h&\1 i1£.1 TOWNSHIP'_..JRLC)u;.1l.!e.J.It~-------SECTION OF TOWNSHIP....I<UC~.Jw<ui-!1-"_L( ----''C::),:.!~-··-
OWN ER <('!{1 IO l i tiJ .~ tJ. ' !'"" •l ~ - c. A oo RESS __,.SI..!Do::.:'LV -"-)'"', J,,e<., c;gL.::.f"-'l.:...._...:.;,!..;c~;~,·:.>.' ''~···~/.::.,.'---"~'-/ J __ _ 

LOC ON OF p OPER y f/ /./'/ '/:'1 }';' /.t.' ·/ f) .;y f/c;' 
ATI R T (. ~ . 

' 
t.1.".o<(...• 

.? ' ' " 

CONSTRUCTION DETAILS BAILING OR PUMPING TEST 
(specify one by circling) 

Casing diameter &, .. f/1 /U kc..... Length of casing lj t.' Test rate .J.$' gprn Duration of test I hrs 

- -- .;:J &' l-J. -?p 
Type of screen Length of screen Drawdown ft Date 

Type of pump Static level (depth to water) ./V 

Capacity of pump Quality (clear, cloudy, taste, odor) "7JI.,ef Ll£,-
Depth of pump setting 

Date of completion ? - t -71 Pump installed by 

WELL LOG• ~10 SKETCH SHOWING LOCATION 

Formations: sandstone. shale. 
From To 

Locate in reference to numbered 

I imestone. gravel. clay state highways. street intersections. county roads. etc. 

kd/,,v ~v.t 0 It 

- H' ft N 
/ --:7/, I'L .A ue /f' ~.;I fii)5'M 

011P ~;.·.,_ ;~/f"·t ( ( 
j_- 7'1 p .I_/,..,. 

t' 
~.2 St> ~ ~ 

#" 
f' 'fl2• .. 

71.-,s ,·, A ,!re,,-+-,1.-,,.. J<.{t 1fhrJ #.,l 
0 

w .n;l 0 

11'rl1 A ('" A : ,k...,-b. 
' I J & 01. .st I"?B /J ~ I 

'* 
'51-'.J 

,..._..._- "' -···~~ .. 0. r?J 1.(11 ... / 
v,: 

<t.} 

.J:'(J 

s - !. 
... .. 

DRILLING FIRM _______________ _ 

ADDRESS _________ ~----~--------------------

•It additional space is needed to complete well log. use next consecutive numbered form. 

c - 13 

ft 

E 

-



Cuunty Permit No. WELL - ')G AND .DRILLING REP0~1' OH!UINAL 

NO CARBON PAPER 
NECESSARY

SELF-TRANSCRIBING 

State of Ohio 

DEPARTMENT OF NATURAL RESOURCES 
Division of Water 
Fountain Square 

Columbus, Ohio 43224 

554274 
(" (C 

tt 
COUNTY S"l>, ..,J,,1, TOWNSHIP~, ...lf2:>.._·1Jie~<t-j-------SECTION OF TOWNSHIP ft!t lL 2 

owNER Ola L lf"' ; J Dn f"' < .·"I [, " ADDREss ~it"=":::.___.;.f~Pf~J..:..:s.iu"~'!11t...;rr~.!...,..:..=_.=..•~~:LI..L.-~.o~--
3'1->-.;, st {!..t 1,// il j LOCATION OF PROPERTY z j. ~r{J (. 

f 

CONSTRUCTION DETAILS BAILING OR PUMPING TEST 
(specify one by circlingl 

Casing diameter fo It f/,._'!.1 ;c.... Length of casing 4g' Test rate ~.>' gpm Durc.~tion of test I hrs 

-Type of screen Length of screen Drawdown /[ It Date 7-7·77 

Type of pump Static level (depth to water) Jf!_ ft 

Capacity ~f pump Quality (clear, cloudy. taste, odor) ~Oh?C( £zt 
Depth of pump setting 

Date of completion 7-.:J-77 Pump installed by 

WELL LOG• fau5"" SKETCH SHOWING LOCATION 

Formations: sandstone. shale, 
From To 

locate in reference to numbered 

I imestone. gravel. clay state highways. street intersections. county roads. etc. 

"'~,4, ti'.tf 0 ft /,Y It N -
·.o%_. &£/ /I" f/..5 s?o 

()11 tO 
/," /_' ,{_:--n,.,An.-t' -9-'J" 

J ./I· ·-v··· . ' so ' ' . 

~ 

~ 

'ttq 
• 

-/£-J "Y ... _,_-t,.,.,.,d~ .... LA->ek #tfN 
lf s .. OEfA# I 

w 
I .w rl d ...... _, ~blo/b1 

• • J 

iol , .. 
(_f(j (/I l--

DRIL.L.ING FIRM _______________ _ 

ADDRESS-----------------------

•If additional space is needed to complete well log. use next consecutive numbered form. 

c - 14 

~ 2. 

"----

·.U • 
3 E 

~~ .... 
-~ . "' ,.-

~ <;, 
~-_...o 

s 



County Permit No. 

NO CARBON PAPER 

NECESSARY

SELF·TRANSCRI BING 

WELL - QG AND DRILLING REPO"T 
State of Ohio 

DEPARTMENT OF NATURAL RESOURCES 
Division of Water 
Fountain Square 

CulumUus, Ohio 43224 

554275 
(J{::_ 

TOWNSHIP_.Jf"-'-: ,_,{~'1--------SECTION OF TOWNSHIP(J./tte U -3 
/21 po> i.J_ , ;:. c ADDRESS _.:}i"'O"-Lf~./."'"'-'·;.<:L~<:!· ..-:_.>j::y:.'.::JrL-.:.h.:.'=:c..,..=,C/J=._/,~,'-"C'-)----

t_),d_,_.~/ () 
LOCATION OF PROPERTY . . 

' 
CONSTRUCTION DETAILS BAILING OR PUMPING TEST 

(specify one by circling) 

Cnsinu dianctor (:, " '?!../.c. Length or r.asin• list. ' lost rate /S'" Duration of test / Iars nr>m 

Type of screen Length of screen Drawdown {tp ft Date ?·I/9 

Type of Static level (depth to water) ./f/ ft 

Capacity of pump 
. 

Quality (clear, cloudy, taste, odor) 1;aM':i tf:.,J 

Depth of pump setting 

Date of 7<J~7<J Pump installed by 

WELL LOG• SKETCH SHOWING LOCATION 

Fonnations: sandstone, shale, 
From To 

Locate in reference to numbered 

I imestone. gravel. clay state highways, street intersections. county roads. etc. 

fJe//fflU ~/ 0 ft /f/ ft N 
??.l~p ~' /f/ ~Rh-

/ 

[Y#f&" ~ ~· 

--~·.:: /_ ... __ ;· f i • ' 
,(__ h?e ,t., / ,.-/.,z ss' 1-1< 

.'I iii.-

-d/"S /T A d/,.f• ,1_ .// :#7 ~ 

~ 

~E 
.. "" ., 6 

;) 

i 'f:i) i1 J. I ~o_,_,-1-:\_. A. w 
J (ID{,ql 

~I \ 
£I L?l ~9rz· "' --~ ¥~ ' •-' ,- .,.._ 

"/(} 

s 

:::~~::_F-IR_M_-_-_-__ ;~;-·_·:~~~~~~~~~~~~~~~~~~~~~~~~= :.:::D ~ ?JZ &z . 
*If additional space ;~'needed to complolo well log, use next consecutive numbered form. ~t1J, i ~ 

c - 15 . ~ 



County Permit No. 

NO CARBON PAPER 
NECESSARY

SELF·TRANSCRI BING 

LOCATION OF PROPERTY 

WELL . OC AND DRILLING REPO-T 
State c:>f Ohio 

DEPARTMENT OF NATURAL RESOURCES 
Division of Water 
Fountain Squure 

Columbus, Ohio 43224 

- t! C- ~r'/ ~ 
) 

554276 

CONSTRUCTION DETAILS BAILING OR PUMPING TEST 
(specify one by circling) 

Casing diameter !:." ~~~~ Length of casinu /f,f' Test rate ;)..} gpm Duration of ·test / 

Type of screen - /0 7- 3-?9 Length of screen Drawdown ft Date 

Type of pump Static level (depth to water) /.J.-

Capacity of pump Quality (clear, cloudy, taste, odor) -ha&W 6;_./ 
Depth of pump setting 

Date of completion 7~.3-79 Pump installed by 

WELL LOG* (p o5 SKETCH SHOMNG LOCATION 

Formations: sandstone. shale, Locate in reference to numbered 
I imestone, gravel, clay From To state highways, street intersections. county roads, etc. 

;;_,~/ ~'~~- Oft /{/ ft 

1%1" ~t /Y {/..,;)" 
., 

I '. -
£~e,Me. 

I -.:: v) ~-f>- .:::ro ( 

sd::r. /fA d./._, ~"~~"- w~ t -:IF31u 
I ~s-

w 

~~, -g) 
• 
Q-11 w z._ 

DRILLING FIRM ______________________________ __ 

AODRESS--------------------------------------

*If additional Bpaee is needed to complete well log, use next consecutive numbered form. 
c - 16 

N 
·,-, 

~-"', 
. i- I "t t .· {I( I 

-it z" 

-.tL 
.. ? 

'"'"=:--- • '.:;. ~ 
~ 
•-> .. 

s 

hrs 

ft 

E 



County Permit No. WELL . ?G AND .DRILLING REPO-T 0R10lNAL 

NO CARBON PAPER 
NECESSARY

SELF~TRANSCRISING 

State of Ohio 

DEPARTMENT OF NATURAL RESOURCES 
Division of Water 
l<~ouniain Square 

Columbus, Ohio 43224 

554277 
0~ 

COUNTY s;fl,ty.L.,~ 
OWNER (Qb L.0\.!.-!J 

TOWNSHIP'~_:e~:..!I!=~~,I-------SECTION OF TOWNSHIP ( l)JQ -J:Ls: 
\J..'I""'··ol <C.--c ADDREss 9?v L ,L.,~p ,{:1 ;::;~~ .• J. 0 

LOCATION OF PROPERTY 39'~-z .. [_f-{!f ~/2 t~ e.L'~ CJ .. - " r ' 

CONSTRUCTION DETAILS BAILING OR PUMPING TEST 
(specify one by circling) 

Casing diameter t:" ?£,/." Length of casing ,j- fD t-.._. Test rate "7~- gpm Duration of test / 

Type of screen Length of screen Drawdown /.:,~ It Date 7 ' 751 

Type of pump Static level (depth to water) /0 

Capacity of pump Ouality (clear. cloudy, taste. odor) --;3JA,j .£Jt::~ 

Depth of pump setting 

Date of completion ?~C,-79 Pump installed by 

WELL LOG* ~(0 SKETCH SHOWING LOCATION 

Formations: sandstone. shale. 
From To 

locate in reference to numbered 
I imestone, gravel, clay state highways. street intersections. county roads, etc. 

t;"~/n_u M 0 ft /P' ft N -
:fl/.._,. {t:L, / /{/ r'd. .!1-(j 1.{ - " 

' ' 
I ' i ( 

,/n-.. ,~'., ?-'C 
.. ' ' ,_ 

.;/a:> 
>ity <ti L6 .. 

YL:r /f .-9 _..Lr,..~/nt-~/:', - '-'~ t"j: . -:ii/N 0 ..k/k'~ 
<t( 

({.._ r- / .u _.4.f J ,.,_ ,R,u ,,__:h.,..._,/ ,: J /a,/ s· 
.:>~ 'crl ~/,. w 

V' 

I "' I ~ 
. • 

~ll 'ftL \~. :s---> 

2c., 

-¥ 
1'?/ 

DRILLING FIRM--------------------------------

ADDRESS--------------------------------------

*If additional space is needed to complete well log. use next consecutive numbered form. 

c- 17 

s.ro 

s 

hrs 

ft 

E 

--



NO CARBON PAPER 

NECESSARY

SELF-TRANSCR! BING 

'' --- --- ......... - -·"-·--··"1111._. ."' ............ , . 
State of Ohio 

DEPARTMENT OF NATURAL RESOURCES 
Divi.lion of' Water 
Fountain Square 

Columbus, Ohio 43224 

602222 
67Y 

COUNTY_S'-'...;'1..>..:.~-=.·.;.I L::."-::.:1---'-~-'-+-l--- TOWNSHIP~, _..:R-'-';'-'-/.;.<?_'-"1/'------- SlliC:'ll:t"CIIOPi~O-'Iil "'i'()WINSHIP·_cp_·_,;:.._ ______ _ 

OWNER __ ~0~~~-~L~IJ~I~--~U~-~--~~~------------------ADDRESS__:0~-~C~·~L{ __ ~!~.:~l~l·L'LriL't~·~LLf~~~-·~·~··~v~~~-~-~~--'~~)-----
L.OCATION OF PROPERTY ~~f 

f? 4 ? ~- ~-..... q II/ l --r ,)' 10 

CONSTRUCTION DETAILS BAILING OR PUIIIPING TEST 
(specify one by circling) 

Casing diameter (2 "t>ia.A- '- length of casing .t; <! ' Test rate )C: gpm Duration of test I hrs • ·---· Typo of screen Lanyth of ~croon 

Type of pump 

Capacity of pump 

Depth of pump setting 

Date of completion S-1-81 

WELL LOG• '1}lf!J 4:-t?~ 
Formations: sandstone. shale. 

From To I imestone. gravel. clay 

C ~ L C...__ eQc..;_, Oft /~- ft 

1\ I eJJM.. ~ e.~ AL-<.0 I ;, 
- 'l 'I:.,_ 

[), ...._ k.""'-n~l .~ (. 
'" ~ 

)., 't''· 
L L- o 

( ' 

M~ ~;tf-1::5 

,.,, ll'C , ··• II 
; ~ .' . ~ 

ADDRESS-------~R-ft'c··~· +'~· n·~~~·~·~~{j.\'h~·o~l~l------

Drawtlown 
.). ' 

ft Date .~ ' "i I 

Static level (depth to. water) '),' 

(-!, lA '' {· r.· "{' Quality (clear. cloudy. taste. odor) L· ( '' \' • 

Pump installed by 

SKETCH SHOWING LOCATION 

Locate in reference to numbered 
state highways. street intersections, county roads. etc. 

N 
,(/~ .s·:s-5 ,""-r 1 . - c - - ... . -

( 

T, ,. 'I I< :q' 0. L D. ·.__.'-IV 
.1 

n-j • "( 1-"' .vi . 
. \" 
'> w 
~ 

C} 
---

.lt iLl ., ' "-

s 
DATE __ ~cCL--~'-/~~~/-./--~,~~--~~~---------------
SIGNED -.!-~.!::.{_/_:/_·' ·_' _.· 

7:,../"'-/.:.J.:;z_~L%.i...• --"'~=-------

It 

E 

t 6 iiv.i._cut:1 ·.;... c 

Alf 
ORIGINAl COPY- ODNR, DIVISION OF WATER, FOUNTAIN SQ., COLS.,OHIO 43224 

•It additional spacf::l is needed to complete well log. use next consecutive numbered form. 

c - 18 



WELL LOC AND DIULLINC REPORT 

NO CARSON PAPER 
NECESSARY

SE:LF~TRANSCR! BING 

COUNTY ?;'i\V\&tu..-l 
OWNER (0. /._. 'Q I .1 A .._ 

L.OCATION OF PROPERTY 

State of Ohio 
DEPARTMENT OF NATURAL RESOURCES 

Divildon of Water 
Fountain Square 

Columbus, Ohio 43224 

602223 

CZJ 7 ":; 
D\ * TOWNSHIP_.::.'-.:...:_:-"("''~·~----- Sf!~TIEHI OP I OWNSHIP• __ ·J----.....,------

ADDRESS_~0~-~L'.::.'~/_.::.)~;~A~e~;~·~~~ILd·P~~~-~·~_._r.::.•.::.'~"~'~".::.".::./~.~Li.::._ __ 
I 

CONSTRUCTION DETAILS IAILIIIQ OR PUMPING TUT 
(specify one by circling! 

Casing diameter (; 'I·' I, !-·1- ' Length of casing .1/\) I 
Test rate ,2.f gpm Duration of test / hrs 

Type of screen -- - 3'() Date:(· /-.J'/ Length of screen Drawdown ft 

Type of pump Static level (depth to water) 
c~ 

ft 

Capacity of pump Quality (clear, cloudy, taste, odorlr-?4 J L~/ k r 

Depth of pump setting 

Date of completion ~--/-Y/ Pump installed by 

WELL LOG• Go'{dj., 52 SKETCH SHOWING LOCATION 

Formations: sandstone. shale. 
From To 

Locate in reference to numbered 
I imestone. gravel. clay state highways. street intersections. county roads. etc. 

;; t' // ,;"Jv (!,/;_ Oft /5~ft N 
Vi~~ r"bt / 4_~,,~/ ~ 

~J 
~ 

/...) 

\ 
--&fc ./. I (( ,-, (~')'- <:/.~- 7~ ~ tt r' -...., :;-,__., ,. _y;i~ ""' ,) 

"-I 

\ fiJ ~"" c:\.... "' ~I ...PDP 

.Q/11.. "~ ~ ~J. A "'-~VA ,. 'I .. 

""' I I I I j,j 1. j{ 

w s - E "{vf 

0? L. j) 
S-1 k!f 

~".; s·," 
h, ... 

s-1 £1 '-/I l 
' I 
I • 

s 
TIBBOLES war li: •LiNU, me. DATE ~J--/J/ ~ 

837'1 No. St. · h 18 ----";;........;:A-:-~~'?7""':7,7:7", "-7--:;/.-,.,------
ADDREss & & 3 ~ .. ··.· · • • "" i SIGNED {f. • i·· L.:vT ~ A L\ LH)liDvue, l~t~.u zlh.Ol 

•It additional space is needed to complete well log. use next consecutive numbered fonn. 

ORIGINAL COPY- ODNRI DIVISION OF WATER, FOUNTAIN SQ., COLS.,OHIO 43224 B73 c - 19 

DRILLING FIRM 



NO CARBON PAPER 

NECESSARY

SELF-TRANSCR! BING 

WEll LOG AND DRILLING REPORT 
' . 

State of Ohio 

DEPARTMENT OF NATURAL RESOURCES 
Division of Water 
Fountain Square 

Columbus, Ohio 43224 

602225 
'67A 

COUNTY->':..·:.Jh'""'-"""'l"-'L:;;d::.'-. J::b"ft---- TOWNSHI P----'(<-'-'-,_,1..:'-:::::.J-------SEe'I'ION Or I OWNSHIP_tt_. _'.!,./ ______ _ 

OWNER __ ~(~0~--~L_: .. __ -~I··~)~·~~c~'-..:·~~~~----------AODRESS_~~.!..'~(.!..;2'/~~_/~,~;~J~,,..:''~l;~Y~--·~~-~~~~.!.."~'·~"-'~'·~-/~~~(~)
L.OCATION OF PROPERTY 

IJ !?I ..,.. F) ,. .., /(J -. .. ' 

CONSTRUCTION DETAILS BAILING OR PUIVII'ING TEST 
{specifv one bv circling) 

Casing diameter { "o i, ;./ c. Length of casing 
.~>' /. 

Test rate ;)0 Duration of test i hrs gpm 
I - . I ;·{ I 

Type of screen - Length of screen Drawdown -~ ..:: Date 
. 

\.• ft 

Type of pump Static level (depth to water) 9 ft 

Capacity of pump Quality (clear. cloudy. taste. odor) 'l:?l.,, b ':: __ tc ~ 
Depth of pump setting 

Date of completion ,_-')-~ XI Pump installed by 

WELL LOGO &ro SKETCH SHOWING LOCATION 

Fonnations: sandstone, shale, 
From To 

Locate in reference to numbered 
I imestone. gravel. clay state highways, street intersections, county roads, etc. 

_( ' " LL"~ Ee~~ 0 ft / .s.· ft N 
, ; I '--'-"- '('(/, I 

/-> - .1/ ·;., /, . ~/l-

[1./ "-'--· f...c:....... .,__{?..,L C/ ~, ··~·-·.-.... ,;; ';; "'J .. (:, 
I J4 i/ ~--~I 

~({) ~- 1(.) 

AA "- ~t.,..,' ,,H'.D~ ~ \'2- / ... 
"~'I') -~ 

'"' 2¥1 -s 

w E 

- 'VI .]( lffl 

s 
. , 

TIBBOLES WELL DRILLING, INC • 
DRILLING FIRM g~77 Ne. St. Rt lS 
ADDREss R R 3 Bellr;;r:"o· Q!t;'l 148Jl 

/ ''/ DATE __ __;~~·__;c~o~.J..:L~----~~-----------------
SIGNED _ __.:_/,!,_f/_:V_' .......:._:j~· . !o.;L·~1.!....2!....;.=t::.!..~------

•1f additional space is needed to complete well log, use next consecutive numbered fonn. 

ORIGINAL COPY - ODNR, DIVISION OF WATE~ _,_ ~gUNTAIN SQ., COLS., OHIO 43224 



• 

, 

NO CARBON PAPER 

NECESSARY

SELF-TRANSCRIBING 

WELL LOG AND DKILLINv K.l:t'VK a 

State of· Ohio 

DEPARTMENT OF NATURAL RESOURCES 
Division of Water 
Fountain Square 

\ Columbus, Ohio 43224 

I o tr-

No. II 
602224 

'8 7L' 

COUNTY s:-~~,j~ Jr... 
I 

OWNER (f), L. ·() 
. TOWNSH 1 p _ _cP~·_;(c:

1 

'---<~------- so;:c.:r~ON-<>F-TOWNSH IP·_·_-;!:1_ __ ~:::._ _____ _ 

AODRESS_S~Q~q~_;L~·~·l~·~-~~~~-~~~f_~_;~-~~~~=··~·-()~--

LOCATION OF PROPERTY 

BAILING OR PUMPING TEST 
!specify one by circling! CONSTRUCTION DETAILS 

f'' I I IJ:l/~ """ 
Casing diameter ---"'"'--;,c'?'--·-'-' :::.V'-'-: •,_. ~ Length of casing _ _!Y_,_. ~=~ Test rate _ _;.J::~= '-"::_____ gpm Duration of test __ l ____ hcs 

Type of screen _____ -___ .....:.__ length of screen --------l Drawdown _ _:_/:...._:c._?::_ __ ft Date ___:-"':"lc._~_::?._"-. _· ...::<:V:c' ~/c..._ __ _ 

Jype of pumP---------------------i Static level (depth to water) ____ -"'/:..,.::0:::..__--;--;=---;---;--- ft 

~apacity of pump __________ .-_·_·--------l Quality (clear. cloudy. taste. odor)_~_..:,•'J':::..../.~,4::__::J::_:......:L./='=-:......:i..__.,.::c::::,..::_ __ 

Depth of pump setting --------''----------i----------------------
----

pate of comptetion _ __c:';>=..,.._·_G'-----'K=-·'.,:/_· ..:'~--------1 Pump installed by--------------------

WELL LOG• SKETCH SHOWING LOCATION 

Formations: sandstone. shale. 
I imestone. gravel, clay From To 

Locate in reference to numbered 

state highways. street intersections. county roads. etc. 

_( L L,"-- f'J. I...__,_, Oft ./.:;,- ft N 
i:SL.!' (' (JL , 

, f\ I 
. 1.~ I 'JJ 

: I 

... ( 

:z. 

---------'---------4-----+---~vv E 

-, 
\. ' ---~' .. Y71if-;;;:------\---

----------_' -t----+----1 - .. :--v f2) l(/2. 
'\... ,, . 

5 

DRILLING Fl RM TIBBOLES WELL DRILLING, INC. DATE _...:.6=----_:::r:_-:::_<Y.,.:.'/--;-____ -'~:::...,.--,--:------
8377 No. St. Rt. !8 /-.. · PY ._ "/" /. / _ ,_~ 

ADDRESS 51 GNED ---"'£.("'--"'/~ //::__--'"'-'/~_,_/'" -~r--:l'f---h==~===--------
.R R 3 Bellevue Ohio 448Il . 

*If edditional space IS needed to com~lete well log, use next consecutive numbered form. 

• 
n.III"'Tnllrn.ll" nnnu 

c - 21 



WELL 'OG AND. DRILLING REPC'""T ORIGINAL 

State of Ohio 
DEPARTMENT OF NATURAL RESOURCES 425054 

NECESSARY- Division of Water 
NO CARBON PAPER 

SELF-TRANSCRIBING 65 S. Front St., Rm. 815 Phone (614) 469-2646 A 1 / 

Columbus, Ohio 43215 U{ -

County 5.rza,/u.s·1t T~wns~p B j /e/ Section of Township'---"·J~.·----
Owner Do ,.,,5 Ot / , Se;-Yl C" 6 Address _ _....&....:...~./):._;v'uc-"'k'-· "'-< -~(Q"'-Ljw/:...'!::.o __ _ 

Location of property 5f. !lJ: 4 /J. I': /V j e- 0 A 1 -;, 

BAILING OR PUMPING TEST 
CONSTRUCTION DETAILS (Specify one by circling) 

Casm• g d1'amctcr (, ,. T.cngth of casm' g 4S'' J.. ,- // _ __ _ Test Ratc ......... :t ....... G.P.M. Duration of test ..... ./,..Z.. ....... hrs 

Type of pump Static level-depth to water $/ ~t. Type of scree"~:.~~~~~~I~-~en~gth~~o~f~sc~ree~·,~-==3Drawdown H ft. Date ._1-- ,).3 ·) :}.-; 

Capacity of pump Quality (clear, clond:y, taste, odor~= L/q~N 
Depthofpumpsetting Oa ,<;u?tzlvr &sf~ ~ Qr?;_;~ 
Date of completion Pump installed b:y 

WELL LOG:!: SKETCH SHOWING LOCATION 

Formations Locate in reference to numbered 
State Highwa:yn, St. Intersections, County roads, etc. Sandstone. shale, limestone. From To 

gravel and cla:y 

\/ .__-7 
• E. -------------------------- ----- w •. 

-"Mo"-· ---:Af{t-~ ?------- --- Rt' $'A 11-
--~-----------------

OEPA #I -------------------- ---·--,-----
-----·-------------------------

---------------1-------'------1 

-·------------------ --------------
----------------------- _______ c _____ _ 

Drilling Firm wit 1f?tier Y S'o n 

Address 92 0 C-.1-r 1'1 So " 5T 

s. 

Date 

use next consecutive numbered form. 



CONSTRUCTION DET.I\ILS BAILING OR PUMPING TEST . ' 
. Jljj_ .. If Ito . 

Casing diameter ~--~-~;----'----Length of casing .. ]t73: _______ Pumping rate __________ G.P .M. Duration of test. .. _~--------hrs. 

Type of scr.een .. ·-··-·-···----Length of screen__~·--·-- Drawdown_ ________ k:, _____ ft. Date.~ __ ?._.:_. _____________ _ 
Type of pump--------------------·- · _Developed capacitY----------------------'-----·--------------~--

Capacity of pump ... '----------------'---Static level---<iepth to water_ _ _J_£ ____ -_____________ ft. 

Depth of pump setting .... ------------------------ Pump installed by ____________ _:_ __ _:_ _______ ~__:_--__ _:_ ______________ _ 

-Date of completion. .. .:::J:-1::/~--~-----f---'~ b-----------
WELL LOG 

Formations 
Sandstone, shale, limestone, 

gravel and clay 

- I 
~0 

From 

0 Feet 

/f 
3r 
31 

I 

i;.IO 

To 

__LL __ Ft. 

. . - ~'/· . . ' ) 
''II' F" .. \ --.,~,, ,.., j·-·.jtL/1 r1 1-ng 1rm _...._~-.-...·~-~---'-----\---.f..-....-:.._~------:':::::.---"---

J ' • ' - ,...,. -

Address .... /:f..2:~J:._.!.~.r~-~:-1 .. fL_;-: ______ ~(___y~( c -~-----
i • • _..., 
-( ."-> ~: '-- ~ t~·_ ·~-: ~~· A..- t_..u 

/ , L, t 
' / 

SKETCH SHOWING LOCATION 

Locate in reference to numbered 
State Highways, St. Intersections, County roads, etc. 

! 

w. 

l 
l 

._.., 

' 

\ 

,-, '-_: 

s. 
See reverse side for instructions 

E. 

} 
I· :! . 

Date ------4-~~~/ ...... J:.Z:;-----:--b---------------·--·---··----
S igned ____ z~---C~: ___ ~_{~~L!.;...:::l ... ~~=--:·~--:::.·~__.__:~-~~~-~:_t __ ~:J ...... ___ ~ 

c - 23 



State of Ohio 
DEPARTMENT OF NATURAL RESOURCES 

Division of Water No. 19 9 Q B S 
1500 Dublin Road 

. . . Columbus, Ohio ~ / , 1) ' . r 
C · ""· ., '" T h' ·l (, S . fT h. ;2_.,_:'1 auntyr ... : ........................... "-' ...... ~......... awns tp.. ..,L ......... J.: ........................... ect10n o owns 1p ................................................ .. 

~ ' ~- /" _.-; . . .. . ," ,.,.· ."'\ ... ' . 
Owner ...... : .. ::-... :~.::.: .... :..~---·············;:: ..... -:. ... :.:.:.. ... : ... :.:.:. ... :~ .. :: ..... ____ Address .. ..:: .. ~~ .. ::. .. :::.:..::.!.-:.-....... :.~ .. -.. ::.~ .. :.:-: .... : ...... : .. :.-.... ~----· 

• . I "-...... . . , .. . ,, . 

Location of property ....... :~.:(:.!. .. : . .! .. '.:::., .. :~:.,.: ... :: ..... ::= ........ ~.: ... , ...... :: .... ::.. .. ~.:L~ .. ~ .. : .. C, .. ,: ... /];:;. ... ,~'.::::L::~~; __ ?_':_,!.;;, ................... . 
- .•. --

CONSTRUCTION DETAILS BAILING OR PUMPING TEST 

(..,' 'j 'I.' ;. / Casing diameter ........................ Length of casing ........ !: ........ Pumping rate ..... ( ......... G.P.M. Duration of test.. ............ hrs. 

Type of screen ............................ Length of screen ..................... Drawdawn ........................ ft. Date ................................................ .. 

Type of pump ................................................................................... 
1
Develaped capacity ......................................................................... . 

Capacity of pump ........................................................................... Static level-depth to water .... /.O. ...................... ::f..J?.~ ..... ft. 

Depth of pump setting ................................................................... Pump installed by .......................................................................... .. 

Date of completion ....................................................................... .. 

WELL LOG 

Formations 
Sandstone, shale, limestone, 

gravel and clay 

. . ' '\ i \ .; \ ~. '- .. , 

oEPA -:# 1.J 

Address 

From To 

0 Feet ...... f.. .. Ft. 

I "j 

J -- -

SKETCH SHOWING LOCATION 

Locate in reference to numbered 
State Highways, St. Intersections, County roads, etc. 

N. 

w. 

s. 
See reverse side for instructions 

i· 
~-

' 
~· 

i\ 
J -. 
I ' ' I . 

; t 
! 

.._, 

E. 



VYt:.LL Vl..o ANIJ IJKILLII'fl..o Kl:r\ I 

State of Ohio 
DEPARTMENT OF NATURAL RESOURCES 

Division of Water No. 41 7? 0 6 NO CARBON PAPER 

NECESSARY

SELF-TRANSCRIBING 65 S. Front St., Rm. 815 Phone (614) 469-2646 ·"·( 
Columbus, Ohio 43215 

County J~J..,,pkl ( Township -{(/Jt ft s.,mon of ToWilllhiP----';/.::..' .;;;.5_/ ___ _ 
t1 0 () 

owner Cfl&,__., f ·n1 f 11 c •· ' Address _ _:C~f:;:,-<IL-;(';u:.k~,c.tO.:...t""·.:;;·,t...:G ______ _ v 0 

Location of property S.:l/2tf 1i 1 2- - -i ,p..,;' rf-"/-; '/ ;;;T;{J;( ,{;f t1 

CONSTRUCTION DETAILS 
BAILING OR PUMPING TEST 

(Specify one by circling) 

Casing diameter 1-/i'' T. gth of casing ?6' Test Rate .................... G.P.M. Duration of test.. .................. hrs. 

Type of screen X..:ngth of sc 

Type of pump 

Capacity of pump 

Depth of pump settiu,.. 

Date of completio" 

WELL LOG* ~c5 
Formatioas 

Sandstone, shale, limestone, From To 
gravel and clay 

:;? ~~ 0 Feet __ f.~-~-: ------------~-".L~~~--- --------
____________ _4;:LfCL .... {.' 51' __ .!/! ___ ---------
-------------~··~----- 51 t, t:. I ,..-------- ------

~~4;c;:;_(-C c;. ,.. J _1/)/J I (c ------ ---- ----- - ---<-

- --;-·---~----

---------- ------ -----
----------------~-- -
-------------- ;--·--------
------------------ - --

---------
-

---------· ---------r-·---
----------... ----------- ------ -----

Drilling Firm (1.~ ,,.g K 
' (,; ,-{( {~/{L 'w1) F I· 

' ·. I ( : ' 

·~ .. ( •I( ) /: 
v 

Address '712- . \' jt '(). ·-·"-'-} ...... '' 

Draw down -z_.,~ ('r 1 ~__, ft. DatA 

Static level-depth to water /.:§ .. ft. 

Quality (clear, cloudy, taste, odor) -

Pump installed bf 

SKETCH SHOWING LOCATION 

Locate in reference to numbered 
State Highways, St. Intersections, County roads, etc. 

N. 
1/5 z.., I I ' 

' ' 
~ ... 

.5'3~ 

w. . __ .,.,_}1ff;!i_JLL:t 
~.'/-->. E. 

..:.r 
71' 
£' :;,><' 

'...:::.-... ... 
..::-' 0 

'\-( 

Pt;~ .. c-; -"L~ 

s. 

Date bfYJtM. I v / '! I 

r; ,,.( p I 
Signed r t I u. I ' 

~''--

( i'd3 \ \,'-"' ~d 
7(-1! ) 

/ J I. Ji-;fJiivv ~ .lw, -1~" , ,r)<:[,-li 
~·I£ addi s ace is n ded to com p p lete welllo g 

c - 25 
• use next consecutive numbered\~m. 



West Well 

East Well 

SERVICE PLAZA WELLS 

Test Well (from Schaefer 1954) 

Depth (feet) 

0-65 
65-78 

78-89 
89-95 
95-103 

103-136.6 

Materials Encountered 

Clay, sand and gravel 
Sand and gravel, wet, 
sulphurous odor 
Sand, gravel and clay 
Boulders, clay and gravel 
Brown limestone 
White limestone, water 
110ft. to 123ft., flowing 

14 feet of flowing artesian head 

Production Wells (from Schaefer & Walton 1956) 

Kind of Material 
penetrated 

Clay, sand and gravel 
Sand and gravel 
Sand, gravel and clay 
Boulders, clay and gravel 
Brown limestone 
White limestone 

Yellow clay 
Blue clay 
Hardpan 
Fine sand 
Hardpan 
Gray shaley limestone 
Gray limestone 

c - 26 

Depth (feet) 
From 

0 
65 
78 
89 
95 

103 

0 
10 
40 
72-1/2 
73 
75 
82 

To 

65 
78 
89 
95 

103 
136.6 

lO 
40 
72-1/2 
73 
75 
82 
99 

BOWSER-MORNER 
Testing Laboratories, Inc. 
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WELL LOCATION PLAN 
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JOB NO. 33767 
DATE• 2-4-83 

~-
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SERVICE PLAZA WELLS 

BOWSER-MORNER, INC. 



APPENDIX D 

BACKGROUND WATER QUALITY DATA 



NOTE: The information contained in this appendix was collected 
from various sources·. The references are listed below. 

The water quality data on Poorman's Spring given on 
pages D-13 and D-14 was run by the lab at the Northern 
Ohio Treatment Facility. 

Hoover, J.A. (1982), "Groundwater Resources of Sandusky 
County, Ohio." Unpublished, University of Toledo Masters' 
Thesis. 

Ohio Department of Natural Resources, Division of Water 
(1970), "Groundwater for Planning in Northwest Ohio- A 
Study of the Carbonate Rock Aquifers: Ohio Water Plan 
Inventory Report; Number 22, Columbus, Ohio." 

Schaefer, E.J. and \olalton, \oi.C. (1956), Report to the 
Ohio Turnpike Commission on Developing a New Groundwater 
Supply for Service Plaza 5: June, 1956. 

D - l 
BOWSER-MORNER 
Testing Laboratories, Inc. 
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FIGURE 18. Location of wells analyzed for ground-water quality in 

Sandusky County, Ohio. 
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. -.:·X·· • 

TABLE 11. Ground-water quality from 16 wells in Sandusky County, ohio. 
All values in mg/l, except pH {data from Ohio Department of 
Natural Resources, Division of Water, 1956, 1966, and 1970). 

i 

\-lell Date Location and 'i'ot. dissolved Carbonate pH 504 Cl F Fe Mn H2S 

•Jell depth solids ha z;dness 

tj '!'PE 1956 Turnpike·well east, 238G 1622 --- 571 25 --- 13 
N'll , N'H , Sec. 16, 'TSN, 

w 
Rl 7E, 'to· .. -nsend 'T..,·p. , 
150ft (45.7 m) 

TPW 1956 Turnpike well west, 2582 1680 --- 672 37 --- 14 
NE ,NE ,Sec. 15, TSN, 
Rl7E, Townsend TYp., 
150ft (45.7 m) 

L:-\W 8/62 Lindsey, municipal ·,.ell. ·1~0 370 7.4 76 0 0.9 0.1 0.1 
315 ft (96 m) 

\oo"'MH 10/62 Woodville, municipal SiS 420 7.9 101 17 0.3 0.05 0.05 

'Jell, 225 ft (68.6 m) 

GMW 4/63 Gibsonburg, municipal 495 390 8. 2 101 8 0.6 o.o 0.0 --- "' " well, 301 ft (91.7 m) 0 
El 

91".-.' 5/63 SW ,SW ,Sec. 22 ,T.:;N, [380 853 7.2 796 18 0.7 0,8 0.05 --- ;:<: 

RlSE, 3allville 'Twp., 
0 
0 

73 ft (22.2 m) <i 
rt> 

" 
ElM 1/65 SE ,SE. ,Sec. 36, T4N, 1680 1250 7.0 1030 7 1.0 19 0.1 --- 1-' 

RlSE, Ballville Twp., o.O 

180 ft (54,8 m) 
co 
N 



TABLE 11. (continued) 

::ei i Jat.e t.ocat.ion and Tot. dissolved Carbonate ?H 504 Cl F Fe .'1n H..,S 
•.:ell depth sol ids hardness • 

?E',<i' 11/65 Peter Echrich & Sons, 542 461 7.4 128 9 1.2 !.0 1. c 
Fremont, 380 !t (115.7m) 

GS'.\ 1966 Green Springs, municipal i900 1360 --- lOBO 7 1.2 •1. 5 
.... ell '"est, 96 ft I 29. 3m l 

t:J 
a>l\-1 1966 Belle-..:ue, munici pll .,....ell 696 497 --- 244 29 0.3 5.0 

(auxillaryYJ 212 ft 

"' (64.6 m} 

TTioi 1966 NE ,NE ,Sec. 24, "i:'SN, 2130 1560 --- 1220 12 \.2 0.8 
Rl7E, Townsend Tvp., 
99 ft (30.2 m} 

?-11 8/69 NH ,NW ,Sec. 15, TSN, <108 345 7.6 71 10 0.6 0.7 0.7 1.8 
Rl3E, ~\adison T•..rp., 
250 ft ( 76.2 m} 

S-24 10/69 NE ,SW ,Sec. 12. T4N, 1.570 1080 7.3 876 12 \.5 1.3 1.3 0.2 
R15E, 8allville 'T•..rp., 

92 ft ( 28 m} '"' '"' S-16 10/69 NH ,m.,r ,Sec. 6. TSN, 2590 1850 7.2 1520 39 !.5 0.4 0,4 1.2 0 

Rl6E, Riley T.,...p., 280 ft 
s 

(85.3 ml :IJ 
0 
0 
< 
ill 

'"' 
,.... 
<.0 
co 
N 



TABLE 11. (continued) 

'.·~ el ~ Oat.e Location and Tot. 
'.Jell depth 

S-23 ll/69 SH ,52 ,Sec. 36, T<1N 
RlSE, Ball ville l',...P•, 
lOB ft ( 32.9 m) 

u 
?-~3 'l/69 NE ,SI-t ,Sec. 24, ·~ "~' ,._,!<I 

Rl4E, .JucKson T ... '?., 

"' 2BO ft ( 85.3 m) 

d:..ssolved Car'conate pH so 4 
Cl 

SO.!.ldS hardness 

1700 1230 7.2 878 5 

'i 2 3 44 7 7. 3 116 8 

f Fe /'1n 

1.0 2.2 2.2 

1.6 0.8 0.8 

~ < "2-

0.3 

0.8 

'"" " 0 
El 

s 
~ ro 
" ,... 
'.D 
00 
N 
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EXPLANATION 

• Test Well Analysis 
11 Supplemental Analysis 
0 Hydrogen Sulfide Analysis Only 

1~----=-
o <

1
olllllU 

-''===~ 
SCALE 

Well Location Map after ODNR (1970) 
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TABLE SA (Continued) 

WATER ANALYSES OF TEST WELLS 

Milligrams per liter 

m 
~ n 
·rl 0 

§ ---- --- fB ~~ 

Hardness 
CaC03 0 

"' 
c:J- rl 110 ~ ~ - ~ 'i2 '----' ~ :=! --- --;;; ;::g 
Q.!Hrl i=1 o .__. ro.._.--. ..__ o u r...oor~ 

1--~--,--~-i;: 

" 0 

1 
N ro (l) ·.-! .,., u ~J w m .__. .__. ~ w 
>.w ~- H 01 .-.. ._.. z +' .._.. .._, +' 

';ci""' ~~ ffi .._.. & ~ § .._.. ~ g (i) w ~ro 
..: ~ Q(l) p ._.. (l) El ..... ·rl 0 (l) 'd 'd ([) >GJ 

::-. Cl].q '+-< ' oj Q ::l eJ 8 w ..0 +' ·rl ·rl ..,., rl::J 
-'-' +' ..C:'-" H 0 (lj ·.-! Q.l ;::! (f) H oj ;.. H m Ocd rl 

~ § ~ § ~ $ ~ § ~ ~ Eh ~ JJ ~ ~ ~ g !:! ~·~ $ 
u 0 ms w m .,., H $\1 ro m o, o .,., :::; ;c:: .--1 .,, ·rl<lJ o 
~ ·· p _ P ;< m H ~ o ;c m '" <n m ,. _l_',:' _ .:" p ..':. '" 

11-32 Defiance 4-68 580 DR 7.7 6.8 .07 69 5C 91 i.5 3tl9 116 120 2.2 .1 G75 403 

1'1-33 Paulding 8-69 385 DR 14 12 .05 98 53 G9 8."/ 125 93 115 2 3 (J82 I 463 

t-!-35 Henry 5-70 340 R T 13 .74 .08 130 47 160 2.2 86 740 11 1.2 .1 1170 518 

11-36 Henry 7-69 220 R 20 .18 0 159 56 102 2.8 144 620 53 1.3 0 1140 628 

"-37 Henry 5-69 300 DR 11 .42 .03 283 133 72 5.6 210 1050 101 1.9 .1 I 1900 11250 

~~-381 ';load 10-69 500 R T 8.2 .32 .08 ,552 180 G2 3.8 180 910 48 
1

11.7 0 3110 l2120 

l-1-39 Lucas 6-69 250 D 8.6 .22 .03 67 27 38 2.7 247 152 6.0 2.3 0 452 ·1 278 

['.',_4Q Lucas 8-69 335 D 11 --- --- 114 33 13 2.2 330 180 4.5 1.0 .1 580 1 420 

M-41 Aag1n.ize 5-70 260 L 16 2.2 .05 141 47 55 3.6 264 381 2.'1 , 1.2 2.7 810 i 546-

~1-42 ~-lercer 4-69 280 G L 16 2.9 .04 189 100 39 1.3 , 430 56FJ 8.0! l.:' 0 1230 I 88'~ 

F--1 
P-2 
P-3 
P-4 
P-5 

P-6 
P-8 
P-9 
P-10 
P-ll 

Hancock 
Hancock 
'-•'ood 
Hancock 
Otto.·wa 

::an::ock 
\-,'ood 
Hood 
Ottawa 
Sandusky 

12-59 
12-69 
ll-69 

5-70 
10-69 

6-69 
11-69 
11-69 

9-69 
8-69 

220 
220 
230 
230 
350 

420 
260 
235 
300 
250 

L 17 
L 18 
L 9. 7 
L 10 

T G L 13 

RTGL 11 
L 16 

G L 22 
G L 12 

L l4 

G L 8.9 
L 15 

1.6 
16 

.30 

.51 

.36 
3.1 

.90 

.73 

0 

0 
0 

0 
0 

.05 

.05 

.02 

.02 

.05 

186 
295 
227 
132 
577 

236 
94 

480 
400 87 

90 
86 
95 
57 

130 

79 
31 

136 
146 

31 

~~ I 
91 
96 
21 

92 
7.] 

23 
22 

3.4 
3.8 
G.O 
3.6 
3. 6 

4.2 
1.6 
4.1 
3.2 

S.lll 1.9 

188 731 
132 1080 
150 888 
146 560 
281 1620 

11,, 

I ~~ 1.6 
2.1 
1.3 

0 
.3 

0 

1310 
1760 
1590 

180 
370 
305 
198 
332 

885 
50 i 

il410 i 
jl290 

7l 

30 
3G 1. i, 

20 l..) 

0 
I 
.. 1 

8. 7 . 7 .l 

996 
2720 

lHO 
399 

18 l. 6 0 12420 
•'"±7 1.7 .032270 
10 .6 0 i 408 

.03 
0 

782 
533 

I B35 

1090 
958 
56!± 

1980 

1 :H5 
362 

1760 
1600 

345 

I 
u 

g 
76 

114 
448 
510 

1060 

1970 
76 

150 
329 
531 

680 
982 
835 

I

. 445 
1740 

7G7 
59 

1510 
1440 

72 

"" 0 w-

'" 0 N 0'" co-

~ 
69. 
27. 

3. 7 
29. 

ti.l 
5.1 
7.5 
0 
1.5 

I c:: 
0 
5.1 

G.? 
0 
0 
3.9 
1.6 

114 

Fe:::.a!""ko-

'il. 

7. 5 S3.mple turb:U 

7. 4 Sa.~;p.le ~ur':;::C. 

7. 7 !-Jot pw~.ped. rtzS pn:se: 
7. 8 Plugged back fro::: ?.6.') · 
7.4 

I 
7.3 i Doub1e-2o.sed tc -L10' 
7. 6 I 
7.5 

7. 9 I Not pu;;;pecl 
7.2 

1. 7 1 ::::t ". _.._ 
7.5 
7.81 ;:ot pu:nped. 
7 .<> riot.. purc:ped. Sa .pl'-' t.c;!·tl0.. 

7.2 Doui.Jle-cased to 2_BC•" 

7.1 
7.4 
7.2 
1.2 
7.6 

7.1 i 
7.3 ' 

Doc;b1e-caseG. Lc :;_2 'J' 

I 

I 

P-12 
P-13 
P-14 
P-16 
P-18 

Ottawa 
Sandusky 
~load 

Ottawa 
Wood 

9-59 
ll-69 
8-69 
8-69 
5-69 

360 
280 
250 
360 
300 

L 11 
L 9.2 

G L 16 

. 79 

. 79 
1.3 

.25 

.41 

.03 

.01 

.03 

104 
105 

67 
108 
203 

55 
45 
23 
32 

116 

42 
?.5 

24 
s.o 

63 

2.4 
1.8 
1.7 
1.4 
4.8 

190 
398 
186 
354 
258 

375 
116 
135 
114 
840 

lB 
8.0 

12 
1.0 

25 

1.4 
1.6 
1.0 
1.0 
1.0 

0 
0 

.1 

486 
447 
262 
/~01 

984 
3901 . 1165 

1540 

.8 
1.7 
2.2 

20. 

330 
121 
109 
111 
773 

7.7 
1.4 
7.1 

S-1 
S-3 
S-4 
S-5 
S-6 

L____ __ 

I 
j Cn.~>d'ord 

Seneca 
4-70 

11-69 
5-70 
3-70 
3-70 

285 
360 
320 
320 
300 

D R 13 
G L 16 

R T G 15 
T G L 9.4 
T G L 12 

.12 

.86 

.34 

.35 
1.3 

0 
.04 

0 146 38 9, -; 

.08 247 70 49 

>!arion 
·.~yandot 

Wyamlot 

i~3~~:Ji
2

! 
.08 ~53 146 33 

---L ____L ___ L_~ ... -- --

5.3 
2.0 
2.5 
3.8 

362 
345 
371 
304 

3.4 J ~~ 

642 
181 
217 

1670 
760 

6.0 
6. 0 
1.0 

55 
20 

1.5 
1.5 
l.G 
1.8 
1.0 

o l1240 924 628 7.5 7.1 1 

0 600 459 176 .3 7.5 
a 6'1·1 520 216 . 8 7. 7 I 

:-612790 1980 1730 s.4 s.s 1 

~ 1340 905 716 0 7. 8 ____j 

"r:o-.c.c~·-w·c::~c·inD m1its: D -Devonian Syster:,; R - Raisin River Formation; T - T}'lnochtcc Fornntion; r, - Gl"Cocnficlcl Fon:mtion; L - Lockport Group 

* analysis relevant to this study 
from ODNR 1970 
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TABLE 8A (Continued) 

WATER ANALYSES OF TEST WELlS 

.. 
Milligrams pee liter 

• -" "' •rl 0 Hardness w § i'l. mu 
"'' CaC03 'd 

:2 !!! " - ;::; ·rl 0 ~ «>- .... "' N • ., ;;: "' '""' " w " .... " 0 - - • - 0 u 0 or< w .... " " . w ~ •rl u w '" - - z '" " 0 w 

j~ 
,_ 

@ "' - 3 " - - " • ,_ 
~ .. t - & w ~ s • "' . " "' Remarks w • 0 " w w v 0 0 N 

0~ 'I - w ~ •rl ~ 0 w 'd "' w > w .n "'" 0 » ;; • " • § • .n " •rl •rl " .... 0 " oo-" ,;- " 0 • •rl w • " • " " • O'd .... • 0 ::1 § w " " w •rl 0 "' 0 11 •rl " • " 0 0 " m ·rl • u " .. ~ ~ " .... 0 

~ 'OJ 'd " 0 3 rl ,'1 " m • " 0 

~ 
w 0 • •rl " ~ 0 0 ~ .0 •rl ·rl w 0 0 '" ~ u o- " '" H u '" '" "' '" u "' " Q " 8 " " 

S-7 Wyandot 5-70 290 T G L 15 4.5 .02 240 83 41 4.0 246 780 14 1.6 .1 1270 941 740 .8 7.4 
S-8 Hardin 4-70 330 G L 8.9 1.4 0 179 78 55 4.4 285 580 34 1.7 .2 1180 768 534 . 7 7 ,'4 
S-9 Wyandot 2-70 220 G L 17 2.4 .01 533 93 67 5.8 188 1590 23 2.0 . 7 2600 l?lO 1560 1,5 7 .o S-10 Wyandot 2-70 200 G L 18 3.5 .05 429 91 48 6.4 246 1260 18 l.B 0 2160 1440 1240 1.4 6.8 S-11 Wyandot 2-70 180 G L 10 --- --- 420 195 368 24 230 1250 780 1.3 0 3440 1850 1650 0 7.4 Not pumped 

S-12 Crawford 3-70 330 D R 14 .64 0 94 22 3.6 1.8 338 53 1.0 1.1 .1 363 325 48 0 7.1 S-13 Crawford 2-70 340 D R 10 3.4 1.2 641 141 47 6.8 376 1800 62 1.8 .1 3050 2180 1870 40 7.3 Not pumped. Sample turbid. S-14 Wyandot 2-70 120 R 17 1.2 0 193 64 &3 2.7 324 436 1.5 1.6 .1 962 745 479 .2 7.0 Plugged back from 200' S-15 Hardin 4-70 250 R T G L 15 3.4 .04 150 53 21 2.2 480 239 4.3 1.4 0 735 592 199 . 7 7.5 S-16 Seneca 1-70 310 G L 13 2.3 .08 250 58 65 3.8 170 780 15 .9 0 1410 863 748 . 7 7.1 

S-17 Seneca 2-70 395 T G L 14 .88 .03 156 56 12 4.1 386 302 7 .o 1.4 0 775 620 303 1.1 6.9 S-18 Sandusky 10-69 340 T J L 12 .37 .02 484 156 24 3.9 267 1520 39 1.5 .2 2590 1850 1630 1.2 7.2 Double-cased to 180' S-19 Seneca 1-70 375 L 13 1.6 .07 215 60 64 4.6 152 716 16 .9 .2 1300 784 660 0 7.2 S-23 Sandusky' ll-69 108 T G 19 2.2 .05 375 71 15 2.6 416 878 5.0 1.0 0 1700 1230 887 .3 7.2 
S-24 Sandusky 10-69 163 T G 16 1.3 .03 282 91 35 2.8 232 876 12 1.5 .1 1570 1080 888 .2 7.3 

Water-bearing unite: D - Devonian System; R - Raisin River Formation; T - Tymochtee Formation; G - Greenfield Formation; L - Lockport Group 

,, analysis relevant to this study 
from ODNR 1970 
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TABLE SB (Continued) 

WATER ANALYSES OF SUPPLEMENTAL WELLS 

Milligrams per li tcr 

0~ 

e T
-

Hardness 
~"'~r:o;o; 

~ ' '" ~ ~ I ~ I ~ ~~ -- ~ :.. -; ~ --- o'<!< d r;: I 6' 'd~ v ~ "'"' v •rl u oj v ~·) ~ ...._[;,;"' ..., :::1 
>l q...+' .... <tl ;:! 1'1 V ill 'gffi 0 >:N ' ;.. » ::l ~ o v $ ....... v g .,... o v "' 'd v > v ..o v::::: I v ..., :., :B .c:c!: !.. § . .-~ ~ ~ 1: ~ ·;:: ~ -:;; rl;J ~ ~ 1 

;ler:;ar.Ks 
j ~ :-...... ~ ~ v ~ El ~ ~ ~ I ......., +' ~ w-;; 

.a § "' v~:~ ..,._. v 1::1 r:.o o o .,., m c.-. o o 1--. g:;: ';;I '-' i .. ' E '-' +"0 Po +" 0 >l rl btl '"d u rl rl ;:<, +' "''1 +' q 't:i ' 
1

2' 8 o «lS v oJ ;.. aJ ro ro o .... ;::1 .c: .---1 .,., ·r<"' o o 2:r ~, -l "'-' ~ A'-' Q ~ H ::0: U ::S W ~ CJJ u r... ;;,:: Q ~. 8 ~ ~ p., 

51 Seneca. Republic 9-52 123 R .40 0 114 ~0 9,0 335 225a 1.0 ,6 .4 585 490 215 0 7.51' c -52 Seneca. Tiffin 5-52 150 L .98 .ll 102 35 15 354 134 8,0 1.3 .2 507 403 113 0 5.8 , 53 Seneca Fostoria, l mi S 5-63 153 L 2,9 .04 US 34 18 352 136 28 .2 .3 541 427 1 l39 0 e.c I I 54 Seneca Bettsville 5-55 230 G L .40 0 116 31 8.0 461 28 19 
1 

1.6 0' 500. 414 36 .2 8.1 I~ j 55 Sandusky Fremont 11-55 389 G L 1.0 .18 109 46 7.0 410 128 9.0 1.2 .4 542 41'il 125 0 7.4 I 
56 Sandusky Gibsonburg 4-153 301 L 0 0 102 33 5,0 348 lOla 8.0 .5 0 495 390 105 0 8.2 c 57 Sandusky Lindsey 8-152 315 G L .10 0 100 29 5.0 3515 715a. 0 .9 ,4 490 370 70 0 7.4 c; ! 58 Sandusky Woodville 10-152 225 L .05 0 104 39 8. 0 378 lOla 17 .3 0 575 420 110 0 7. 9 c i 59 Ottawa Elmore 1-58 375 L .20 0 236 72 22 340 591 , 28 l. 6 , 7 1186 878 599 0 7. 7 2 I 60 Ottawa Genoa 5-69 350 L .10 0 138 21 7.0. 381 91 ! 17 .7 0 585 432 120 .5 7.2 61 ottawa Oak Harbor, 3 mi E 8-54 137 T G .05 ~--- 544 177 26 245 1831 46 1.8 0 3018 2090 1884 3.9 7.2 ' 

I 

I A Putnam ottoville 10-59 450 G L ---- ---- --- --- ---- --- ----- ---- --- - - ---- ---- ---- 0.2 ---B Allen Delphos 2-70 450 R T G L 9.2 Double-caseQ ~o 150' 
North >•ell field 

C Auglaize St. Marya 2-70 270 L 0 D Hardin Kenton ll-69 358 T G L 0 E ',,ood Cygnet 10-69 170 G L 4.1 F Wood Bloomdale 10-69 181 L 1. 2 G Wood Bradner 9-69 315 L 0 

a -- S04 calculated 
b -- HzS analyzed, 1969-70 

Analysis by O:tio Department of Health 

Water-bearing units: R -Raisin River Formation; T -Tymochtee Formation; G -Greenfield Formation; L - Lockport Group 

* analysis relevant to this study 
from ODNR 1970 

I New •.;ell fielC: 

I 
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from Schaefer and Walton (1956) 

Table l 

Ghemical quality of the ground water 

pumped at the Service Plaza 

Parts per million 

Calculated carbon dioxide as Co 2 

Phenol alkalinity as Caco3 

Total alkalinity as Caco3 

Total hardness as CaCoj 

Carbonate hardness as Caco3 

Noncarbonate hardness as caco3 

Calcium hardness ~s Caco 3 

Calcium as Ca 

Magnesium hardness as Caco3 

Magnesium as Mg 

Chlorides as Cl 

Total iron as Fe 

Sulrates as S01 4 

Dissolved silica as SiOz 

Corrosion ractor 

Total solids 

Volatile solids 

Fixed solids 

pH value 

East well 

33.0 

0 

252. 

1622. 

252. 

1370. 

1312. 

524.8 

310. 

89.3 

25. 

13. 

571. 

18. 

minus 36 

2386. 

347. 

2039. 

7.19 

D - 11 

West well 

32.0 

0 

240. 

1680. 

240. 

1440. 

1424· 

569.6 

256. 

73-7 

37. 

14. 

672. 

21. 

minus 56 

2582. 

466. 

2116. 

7.17 



Table 2 

Chemical quality of the ground waters in the area under investigation 

Parts per million 

Sample No. 1 2 3 5 6 7 8 9 10 11 lJ 14 15 

Total alkalinity 
230 254 292 266 198 228 226 254 258 222 206 260 3:00 

as Caco
3 

Total hardness 
2130 372 3132 1584 414 17 31+ 1768 360 1098 3598 582 798 600 

as Caco
3 

t:J 

I 

~ Carbonate hardness 
230 254 292 266 198 228 226 254 258 222 206 260 350 

as CaCo 3 

Noncarbonate hard-
50 .Lll3 90 1318 216 1506 1542 106 840 3376 376 538 250 

ness as Caco
3 

Total solids 340 610 482 2332 710 2518 2622 462 1546 8124 866 ll3tl 820 

from Schaelfer and Walton (1956) 

li 



POORMAN'S SPRING 

Date Sampled: 10-21-80 

Date Tested: 10-22-80 

Sampling Point Sulfur spring draining into Raccoon Creek, 1/2 mile south of 
State Route 412, ott rwp. Road 233 

N~.J II __ __,L'--.=lc'0'--_,5-,0'-------- Color: Clear, strong sulfide odor 

CHEMICAL ANALYSIS 

PH 7.17 PHENOL 0.013 m f.l 
TOTAL AL OR AC meg/! CL 19 mgLl 

ss 10 mg/l so
4 

1148 m l 

DS COND. 1850 umhos/crn 
2 

TS 265.5 m SpGR 

ASH mgLl Total Fe: 0.04 mgLl 

COD 36 m l Total Cr: < 0.03 mgLl 

0 & G (F) 3 m 1 Total Ni: < 0.03 mgLl 

FLASH Total Cd: < 0.006 mgLl 

Total Zn: 0.008 mgLl 

Total Ca: 528 

OTHER TESTS: Total Mg: 92 m 1 

Sampling temp: 10.5'C; Dissolved 0
2

: 1.3 mg/1 

REMARKS: TS and Fe not as high as artesian aquifer farther north. 

ANALYST: 

D - l3 

BB 

BOWSER-MORNER 
Testing Laboratories, Inc. 



Date Sampled: 

Date Tested: 

Sampling Point 

N" II 

PH 

TOTAL AL OR AC 

ss 

DS 

TS 

ASH 

COD 

0 & G (F) 

~ 

POORMAN'S SPRING 

2-24-81 

2-26-81 

Subsurface water 

L-2-37 Color: Clear, lt suspended solids, 

strong sulfide odor 

CHEMICAL ANALYSIS 

7.23 PHENOL 0.003 m L.l 
meg/1 CL 22 m 11 

40 mg/1 so4 
1484 rngLl 

COND. 1650 umhos/cm 

2495 _!llgLL SpGR 

lll 1 Total Fe: 0.13 rngLl 

8 m 1 Total Cr: < 0.03 mgLl 

7 m 1 Total Ni: < 0.03 rng Ll 
questionable Total Cd: < 0.006 mg[l 

Total Zn: < 0.003 rngLl 

TOG: N/A m 1 

2 

OTHER TESTS: Sam!' ling Tem2erature: 9.0"C - Dissolved Oxygen: 30 rng/1 

REMARKS: 

ANALYST: 

D - 14 

BB 

BOWSER-MORNER 
Testing Laboratories, Inc. 



APPENDIX E 

PUMP TEST DATA 



AQUIFER PUMPING TEST 

LOCATION: North of Clyde, Ohio DATE OF TEST: 12/9/82 

------~--~-,~~~-------BOREHOLE #1 Pumping 
Chemical Waste 

TIME: 8:00 AM 

TOTAL DEPTH 75 ft. 

CLIENT (NAME): ~tfu~n=a2g~em~e=n~t~ __________ LENGTH OF STANDPIPE:--~1_'1~0~·~5~"----------

TECHNICIAN: Richard Hosfeld DISTANCE FROM PUMPING WELL: ____ ~N~/~A~------

TIME AFTER PUMPING PUMPING RATE DEPTH TO WATER DRAWDOWN 
STARTED (MINUTES) (GPM) (FROM TOP OF PIPE) (FT) 

Interval Actual 

0 9:00 AM 0 14.96 0 

1 3 11 gprn 22.50 7.54 

2 4 22.70 7.74 

3 5 22.70 7.74 

5 7 22.80 7.84 

7 9 22.83 7.87 

10 11 22.85 7.89 

15 15 22.87 7.91 

20 20 22.92 7.96 

25 25 22.92 7.96 

30 30 22.98 8.02 

40 40 22.96 8.00 

50 50 23.00 8.04 

60 60 55 gallons 23.04 8.08 
4'55" - 11 gpm 

75 75 23.08 8.12 

100 100 22.96 8.00 

160 120 55 gallons 23.04 8.08 
4'55" - 11 gpm 

E - 1 ~;;-~,~-;r1\ 
l~IOI{NEIV 

---- ----



AQUIFER PUMPING TEST -- CONTINUED 

TIME AFTER PUMPING PUMPING RATE DEPTH TO WATER DRAWDOWN 
STARTED (MINUTES) (GPM) (FROM TOP OF PIPE) (FT) 

Interval Actual 

220 180 23 .40 8.44 

280 255 55 gallons 24.08 9.12 
4'55" - 11 gpm 

340 301 24.63 9.67 

400 360 55 gallons 24.96 10.00 
5' - 11 gpm 

460 422 24.96 10.00 

520 476 24.96 10.00 

580 480 0 gpm 17 .33 7.63 

/mjj(#29, Tracks #17 & #18) 

E - 2 

[.30\V~~ 
~IOI<NEF1} 
---- ------



AQUIFER PUMPING TEST 

LOCATION: North of Clyde, Ohio DATE OF TEST: 12/9/82 
Obser-

BOREHOLE 112 cation 

TIHE: 8:00 AH 

TOTAL DEPTH 60 ft. 
------~C~h-em-17·c-a~l~W7a-s~t-e ______ __ 

CLIENT (NAHE): .::Ha=n:::ag"'e:::m:::e:::n.:..:t:.__ _________ LENGTH OF STANDPIPE: __ ----'.1_;' So:_'_'-----------

TECHNICIAN: Richard Hosfeld DISTANCE FROM PUMPING WELL :_-=.24-'--'-. 7:.c3::._:f:.:e:.:e:.:t:.___ 

TIME AFTER PUMPING PUMPING RATE DEPTH TO WATER DRAWDOWN 
STARTED (MINUTES) (GPH) (FROM TOP OF PIPE) (FT) 

Interval Actual 

0 0 14.47 0 

1 2 11 gpm 14.55 0.08 

2 3 14.65 0.18 

3 4 14.73 0.26 

5 6 14 .so 0.33 

7 8 15.30 0.83 

10 11 15.40 0.93 

15 15 15.45 0.98 

20 20 15.13 0.66 

25 25 15.00 0.53 

30 30 15.00 0.53 

40 40 15 .oo 0.53 

50 50 15.00 0.53 

60 60 11 gpm 15.00 0.53 

75 75 15.00 0.53 

100 100 15.00 0.53 

160 123 11 gpm 15.00 0.53 

E - 3 



AQUIFER PUMPING TEST -- CONTINUED 

TIME AFTER PUMPING PUMPING RATE DEPTH TO WATER 
STARTED (MINUTES) (GPM) (FROM TOP OF PIPE) 

Interval Actual 

220 181 15.78 

280 257 11 gpm 16.78 

340 304 17.05 

400 360 11 gpm 17 .05 

460 420 17 .05 

520 475 17.05 

580 481 0 gpm 16.95 

/mjj(#29, Tracks #19 & #20) 

E - 4 

DRAWDOWN 
(FT) 

1.31 

2. 31 

2.58 

2.58 

2.58 

2.58 

BOW~ 
kiORNf"ry 
-·-- ---·----



APPENDIX F 

STATISTICAL ANALYSES OF MONITORING WELL DATA 



NOTE: The following pages contain the means and standard deviations 
of seven constituents. The data was compiled annually for 
the period of record available as of October, 1982. All 
values, with the exception of pH and phenols, are in milligrams 
per liter (mg/1). Phenols were not consistently recorded 
in mg/1, and for many samples it was uncertain whether the 
units were recorded in parts per million (ppm) or parts per 
billion (ppb). No effort was made to correct the raw data 
before the values were entered into the computer. The 
statistical data for phenols, therefore, is incorrect and 
is unreliable. Also, many values for parameters were 
recorded as "less than'' some number. These values were 
entered into the computer at a concentration level equal 
to the limiting value and, therefore, may suggest the 
presence of a greater concentration than actually exists. 

F-1 
BOWSER-MORNER 
Testing Laboratories, Inc. 
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VARI AE<LE I~ 

I''H 36 
Cl lil 
FHICNilL c:· ,, 
7N 32 
SUI .. FATES l9 
IIWN 36 
CIWMIUM 36 

------··-···· ·---·-·-----------

L'H 24 
I': I. 24 
FHFNOL I. l 
?rJ 24 
~:n.JI.FATF!3 23 
TFWN :~4 

Ci10MIUI·I 24 

MEAN 

7 I 017::! 
1 no. oooo 

0. :!044 
J:~l. 2'~j~-ib 

J.HJ~.i. 3:1 ~;n 
7. :;90:1. 
0.0300 

....... -· ............. -- .... -· .... ''"' ·-·. 

7.0:137 
:~::~o~_=;. ?9 ·1 '! 

J,/424 
0, 03'/U 

!fl:30.'!l30 
0 I B2?:3 
(),0300 

~:; T t1 N D t-11·~ lJ MltHMUM MAX IliUM Vt:1f~If.1NLE 

f.JFI._!lt-~TTUN VALl if VAI .. UF 

"FLL•" .I Yf: {~t~ ~:'JE! ·····-- "~ ··- ·- - ·-· .. 

0' -~ l Jf., c.,. :'):~;oo 7 ,(_(()()(' o. own 
1 4:1 I , 4~_'i9? 144.0000 :;<.I I • 0000 1.99::.1 ::) 1. '7. o:=_~Hn 

0. f~Ji'ltl 0.0010 I , 01)00 () • .1 '?70 
l (F), O?dJ::l 0.001>0 l J :?t.J. ()()()() --~96 J 6. l i31.J2 

I_ ·,·.' 2 , U h ·1 :·~ 140fi,OOOO 2009.0000 1.~)094. 09·1'7 

31.4:'73 0. 0.500 20'?.0000 1ll'7.3Hl/ 
o.oooo (). 031)0 tJ,()J()() 0. ()()<)() 

"ELL,o:l YEf1F~::::79 

0 •. 1741 6.6000 '7.3600 0.0:103 
:)lfJ"? .l6 1J~':i IOOJ ,0000 9L6l.OOOO 4/0T7t0 I 3025 

1 \). 0()2:=; (). ()()~-'~) 36.0000 t·!6.6?4U 
0. ()4;'_),1) 0.0040 0.20-lO 0. 00).! 

4:';' 1'1411:'; 1'744.0000 Jfl(/7. 00(}(1 ;-) l (1). 0030 

'1.190'1 (). 03(}() ~-,. /~~,oo !.4!1l3 
0' 0()(){) 0.0300 0.0300 o.oooo 
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VARIABLE N MEAN STANDARD 
DEVIATION 

MINIMUM 
VALUE 

MAXIMUM 
VALUE 

VARIANCE 

-------------------------------------------- WELL~1N YEAR~79 ---------------------------------

PH 24 7.2608 0.3344 6.3800 7.8800 0.1118 

CL 22 561.0455 184,0746 141.0000 877.0000 33883.4740 

PHENOL 20 9.8121 29.0213 o.oooo 100.0000 842.2351 

ZN 24 0.0118 0.0187 0.0020 0.0870 0.0003 

SULFATES 24 1735.2083 344.0121 156.0000 1897.0000 118344.3460 

IRON 24 0.2793 0.3057 0.0140 1.4200 0.0934 

CROMIUM 24 0.0300 o.oooo 0.0300 0.0300 o.oooo 

-------------------------------------------- WELL"1N YEAR=80 ---------------------------------

PH 45 7.1938 0.1799 6.6200 7.8700 0.0324 

CL 45 748.3556 164.3924 274.0000 1153. o'ooo 27024.8707 

PHENOL 45 2.2350 14.9052 o.oooo 100.0000 222.1649 

ZN 45 0.0098 0.0094 0.0030 0.0590 0.0001 

SULFATES 45 1779.1556 96.3681 1429.0000 1976.0000 9286.8162 

IRON 45 0.6049 0.5675 0.0500 3.2800 0.3221 

CROMIUM 45 0.0300 o.oooo 0.0300 0.0300 o.oooo 

------~------------------------------------- WELL=1N YEAR=81 ---------------------------------

PH 31 7.1523 0.1096 6.9000 7.3500 0.0120 

CL 31 1588.4516 923.6365 701.0000 4810.0000 853104.3892 

PHENOL 31 0.0017 0.0020 0.0010 o.o1oo o.oooo 

ZN 30 0.0114 0.0106 o.oo4o 0.0530 0,0001 

SULFATES 31 "1726. 9032 277.9364 296.0000 2120.0000 77248.6237 

IRON 30 1.7027 2.5168 0.3500 9.4200 6.3343 

CROMIUM 30 0.0290 0.0071 0.0200 0.0600 o.ooo1 

-------------------------------------------- WELL=1N YEAR=82 ---------------------------------

PH 15 7.1907 0.3232 6.7000 8.2100 0,1045 

CL 15 1539.5333 580.6465 443.0000 2720.0000 337i50.4095 

PHENOL 15 0.0100 o.oooo 0.0100 0.0100 o.oooo 

ZN 15 0.0542 0.0607 0.0030 0.2200 0.0037 

SULFATES 15 1670.2000 379.5419 320.0000 1910.0000 144052.0286 

IRON 15 1.5873 2.2903 0.1300 7.7600 5.2454 

CROMIUM 15 0.0267 0.0082 0.0100 0.0400 0.0001 
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VARIABLE N MEAN STANDARD 
DEVIATION 

--------------------------------------------- WELL~2 

PH 40 7.1132 0.3495 
CL 11 183.:>4:'>5 38.3832 
PHENOL 3 0.0073 0.0046 
ZN 41 0.2:'>92 0.3634 
SULFATES 12 1854.:'>833 74.0006 
IRON 40 2.0357 2.0734 
CROHIUH 41 0.0296 o.oon 

------------------------------------------~-- WEll=2 

PH 49 7.3216 0.1:'>74 
Cl 22 224.6818 31.0213 
PHENOL 8 0.0064 o.oo81 
ZN 49 0.1966 0.4687 
SULFATES 22 1871.0000 48.0506 
IRON 49 1.2172 0,8710 
CROHIUH 49 0.0431 0.0570 

--------------------------------------------- WELL=2 

PH 50 7.2934 0.2470 
CL 48 226.2917 69.1711 
PHENOL 31 3,7279 17.8962 
ZN 50 0.0234 Oo0446 
SULFATES 49 1846.9796 58.6567 
IRON 49 1.6509 1.1246 
CROHIUH 50 0.0304 0.0028 

--------------------------------------------- WELL=2 

PH 48 7.2496 0.1144 
CL 48 202.8750 32.4494 
PHENOL 46 2.1904 14.7418 
ZN 48 0.0376 0.0269 
SULFATES 48 1867.6042 75.9644 
IRON 48 1.5200 1.3059 
CROHIUM 48 0.0300 o.oooo 

HINIHUH 
VALUE 

MAXI HUH 
VALUE 

VARIANCE 

YEAR~77 ---------------------------------

6,6000 8.4100 0.1221 
143.0000 280.0000 1473.2727 

0.0020 0.0100 o.oooo 
0.0060 2.1000 0.1320 

1728.0000 2017.0000 :'>476.0833 
0.0200 9.6:'>00 4.2991 
0.0200 0.0700 0.0001 

YEAR~78 ---------------------------------

6.9100 7.6700 0,0248 
183.0000 305.0000 962.3225 

0.0010 0.0220 0.0001 
0.0050 2.2300 0,2197 

1769.0000 1973.0000 . 2308.8571 
0.0220 4.4700 0.7587 
0.0200 0.4000 0.0032 

YEAR=79 ---------------------------------

6,4900 7.8800 o. 0610' 
63.0000 430.0000 4784.6365 
0.0010 100,0000 320.2741 
0.0040 0.3250 0.0020 

1699.0000 1962.0000 3440.6037 
0.0800 5.0200 1.2648 
0,0300 0.0500 o.oooo 

YEAR=80 ---------------------------------

6.8200 7.4300 0.0131 
100.0000 277.0000 1052.9628 

0.0010 100.0000 217.3193 
0,0100 0.1200 0.0007 

1520.0000 2063.0000 5770.5847 
0.1360 5.3000 1.7055 
0.0300 0.0300 o.oooo 
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VARIABLE N MEAN STANDARD 
DEVIATION 

--------------------------------------------- WELL~2 

PH 15 7.1807 0.1327 
CL 15 383.6667 222.6582 
PHENOL 15 0.0010 o.oooo 
ZN 14 o.o703 0.0464 
SULFATES 15 1867.9333 25.6305 
IRON 14 1.8664 0.9471 
CROHIUH 14 0.0243 0.0085 

--------------------------------------------- WELL=2 

f'H 16 7.3131 0.0857 
CL 16 352.6875 254.3868 
PHENOL 16 0.0100 o.oooo 
ZN 16 0.1302 0.1742 
SULFATES 16 1869.3125 115.5720 
IRON 16 1.3294 0.4236 
CROHIUH 16 0.0212 0.0034 

HINIHUH 
VALUE 

HAXIHUH 
VALUE 

VARIANCE 

YEAR~Bl ---------------------------------

6.9000 7.4000 0.0176 
250.0000 1130.0000" 49576.6667 

0.0010 0,0010 o.oooo 
0.0090 0.1870 0.0022 

1820.0000 1910.0000 656.9238 

0.4700 3,2500 0.8969 
0.0100 0.0400 o.ooo1 

YEAR~82 --------------------------------· 

7.1800 7.4800 0. 0073 
245.0000 1300.0000 64712.6292 

0.0100 0.0100 o.oooo 
0.0200 0.5700 0.0303 

1750.0000 2290,0000 13356.8958 
Oo5000 2.4200 0.1794 
0.0200 0.0300 o.oooo 
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VARIABLE: 

F'H 
CL 
FHENUL. 
ZN 
SULFATES 
JRDN 
CROMILIM 

F'H 
CL 
F'HENDL 
ZN 
~iULFATES 

IHIJN 
C.f<DMIIJM. 

F'll ' 
Cl. 
PHENOL 
ZN 
SULFATES 
HWN 
CRntHI.IM 

-~ 

N t1Eo;N 

"· ,, 10.00110 
2 04.0000 
() 

1 o~o2:;o 

::1 747.3:333 .,,. 
··' <J2,:1.BOO 
•: 
d 0.()420 

38 (I, 4B32 
20 167.9500 

" d ().11:'4 
9 ~'j. 7270 

20 1423.1'1000 
38 0.4014 
:m 0.0276 

2~.'i 9. 027:.:.~ 
24 128,791"7 

9 0.0922 
0 

22 1390. 0'10'1 
:?!'.'i o. of.,:n 
2~5 0.03()0 

f)"f •. \NOf:ll"~l.l IHNH1UM MAXIMUM VARIANCE 

DEVlllllDN VALUE VALUE: 

WE I .. L'':l YEAf<"/6 

0. 62(10 9.2300 10.7000 ().3957 
:1.2.727? 7:'-J I 0000 9:l. 0000 162.0000 

()I 02:iO 0. 02~~~0 

:·~flB I :':102/ 299.0000 9B:j, 0000 150'134. 3333 

202.0270 0.0400 4~55. ()()()() 41139.1203 
o.o11b 0.0300 0, O~iOO (). ()()() 1 

WELL•"J YEAf<~liJ 

o. ,s~.'i60 7.0'700 l 0. :1 000 0.-4303 

24~:i.7:i:t2 20.0000 1201.0000 60393. 1.;2139 

(),2073 ().0010 (). 41J0() 0. 0·130 
b' ~·_;•t4 :1. ()' 0:::'40 lll.6000 42.8252 

:1 41:1, 06l:l~.'i 1114.0000 l ~)(13 I()()()() 21924.2737 
L.l~:i07 0.0300 6. '1700 1 • 32•\1 

0.000:':-i (),()2()() o.07()() o.ooo1 

WFLI. <"l YEAF<~'79 

0.4611 },7600 9.b20() 0,2126 

131.29B2 19.0000 61l4.0000 :L/239. 21~i6 

0.1703 (),0040 (). :'.)400 0.0290 

RD.T\34 1244.0000 1727' ()(hh) 71rn. 6:104 

0 I 06~.~6 o. ow·;o 0.290() (). 00·13 

o.oooo 0.0300 ().030() o.oooo 
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VARIABLE N MEAN STANDARD 
DEVIATION 

MINIHUH 
VALUE 

MAXI HUM 
VALUE 

VARIANCE 

--------------------------------------------~WELL=3A YEAR=78 -------------------~-------------

PH 47 7.4253 0.3681 7.0200 9.5600 0.1355 
CL 22 21.1000 14.1816 7.0000 44.0000 201.1190 
PHENOL 4 0,0045 0.0040 0.0010 0,0100 o.oooo 
ZN 47 0.0558 0.0972 0.0090 0.6570 0.0095 
SULFATES 22 250.0000 421.6535 67.0000 1623.0000 177791.7143 
IRON 46 0.2433 0.3403 0.0200 1.7800 0.1158 
CROHIUH 47 0.0300 o.oooo 0.0300 0.0300 o.oooo 

-------------------------------------------- WELL~3A YEAR~79 ---------------------------------

PH 49 7.4249 0.2848 6.3800 8.3200 0.0811 
CL 49 43.6531 153.9473 7.0000 1095.0000 23699.7730 
PHENOL 31 3.7578 17.8925 0.-0020 100.0000 320.1425 
ZN 49 0.0311 0.0405 0.0030 0.2800 0.0016 
SULFATES 48 141.0625 63.8690 59.0000 388.0000 4079.2513 
IRON 49 0.7156 0.9599 0.0200 2.7300 0.9214 
CROHIUM 49 Oo0300 o.oooo 0.0300 0.0300 o.oooo 

-------------------------------------------- WELL=3A YEAR~76 ---------------------------------

PH 37 7.4089 0.2398 7.0200 8.oooo 0.0575 
CL 9 9.6111 8.1078 1.0000 30.0000 65,7361 
PHENOL 0 
ZN 13 0,0692 0.0404 0.0200 0.1550 0.0016 
SULFATES 10 83.4000 24.7665 44.0000 121.0000 613.3778 
IRON 33 0.6176 1.1124 0.0200 5.6000 1.2375 
CROMIUH 34 0.0378 0. 0114 0.0200 0,0500 o;oooi 

-------------------------------------------- WELL=3~ YEAR=77 ---------------------------------

PH 38 7.1882 0.2437 6.7000 8.1500 0.0594 
CL 10 6.8600 2.2677 3.0000 9,0000 5.1427 
PHENOL 2 0.0100 o.oooo 0.0100 0.0100 o.oooo 
ZN 38 0.0335 0.0194 0,0070 0.0960 0.0004 
SULFATES 10 120•8000 32.4681 88.0000 202.0000 1054 ·1778 
IRON 38 0.1415 0.1714 0.0200 0.7580 0.0294 
CROHIUM 38 Oo02B4 0.0031 0,0250 0.0400 o.oooo 
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VARIABLE N HEAN STANDARD 
DEVIATION 

HINIHUH 
VALUE 

HAXIHUH 
VALUE 

VARIANCE 

-------------------------------------------- WELL=3A YEAR~8o ---------------------------------

PH 50 7.3088 0.1313 6.9600 7.5700 o.o172 
CL 50 13.4400 12.5229 8.oooo 99.0000 156.8229 
PHENOL 48 2,0995 14.4314 Oo0010 too.oooo 208.2658 
ZN 50 0.0117 0.0120 o.ooJo 0.0300 0.0001 
SULFATES 50 132.7600 44.1013 45.0000 274.0000 1944.9208 
IRON 50 0.0737 0.1115 o.oJoo 0.6200 o.o124 
CROHIUH 50 0.0300 o.oooo 0.0300 0.0300 o.oooo 

-------------------------------------------- WELL~3_A YEAR=81 ------------------------~--------

PH 11 7.2945 0.1621 7.1100 7.6500 0.0263 
CL 11 18.1818 9.3789 5.0000 42,0000 87.9636 
PHENOL 11 o.oo1o o.oooo o.oo1o o.oo1o o.oooo 
ZN 11 o.o154 o.0114 o.oo3o 0.0390 o.ooot 
SULFATES 11 136,6364 46.4549 19.0000 210.0000 2158.0545 
IRON 11 0.9627 1.1535 Oo0300 4.1200 1.3305 
CROHIUH 11 0.0291 o.o030 0.0200. o.o3oo o.oooo 

-------------------------------------------- WELL~3 A YEAR=82 ---------------------------------

PH 6 7.2583 0.1007 7.1700 7.4500 o.o1o1 
CL 6 11.7833 4.3037 6.0000 18.0000 18.5217 
PHENOL 6 0,0100 o.oooo o.o1oo 0.0100 o.oooo 
ZN 6 0.0340 Oo0472 0.0100 0.1300 0.0022 
SULFATES 6 148.3333 46.7062 78.0000 220.0000 2181.4667 
IRON 6 1.0317 o.592o o.1200 1.6300 0.3505 
CROHIUH 6 0.0217 0.0041 0.0200 o.o3oo o.oooo 
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VARIABLE N HEAN STANDARD 
DEVIATION 

HINIHUH 
VALUE 

HAXIHUH 
VALUE 

VARIANCE 

-------------------------------------------- WELL=3N YEAR=79 ---------------------------------

PH 25 7.1116 0.2093 6.5100 7.4900 0,0438 
CL 25 570.5600 ·531.1973 28.0000 1848.0000 282170.5900 
PHENOL 21 5,3035 21.7260 0.0020 100.0000 472.0174 
ZN 25 0.0138 0.0322 0.0030 0.1620 0.0010 
SULFATES 25 1686.6400 230.9661 1437.0000 2459.0000 53345.3233 
IRON 25 0.7189 0.6090 0.0300 2.9500 0.3709 
CROHIUH 25 0.0319 0.0018 0.0300 0.0370 o.oooo 

-------------------------------------------- WELL=3N YEAR=80 ---------------------------------

PH 65 7.0769 0.1032 6.7800 7.3400 0.0106 
CL 65 105.7538 149.4828 52.0000 935.0000 22345.0947 
PHENOL 61 1.6524 12.8020 0,0010 100.0000 163.8920 
ZN 65 0.0085 0.0064 0.0030 0.0270 o.oooo 
SULFATES 65 1473.5538 130.3121 1206.0000 2061.0000 16981.2510 
IRON 65 0.0596 0.0577 0.0300 0.3100 0,0033 
CROHIUH 65 0.0296 0.0033 0.0030 0.0300 o.oooo 

-----~-------------------------------------- WELL•3 N YEAR=81 ---------------------------------

PH 42 7.0843 0 •. 1275 6.8300 7.3500 . 0.0163 
CL 42 276.5714 261.8330 84.0000 1230,0000 68556.4948 
PHENOL . 42 0. 0011 0.0006 0.0010 0.0040 o.oooo 
ZN 41 0.0220 0.0306 0.0030 0.1940 0,0009 
SULFATES 42 1491.7619 57.1510 1380.0000 1652,0000 3266,2346 
IRON 41 0.1688 0.1883 0.0300 0.6600 0.0355 
CROHIUH 41 0.0283 o.oo38 0.0200 0.0300 o.oooo 

-------------------------------------------- WELL=3N YEAR=82 ---------------------------------

PH 17 7.1482 0,1310 6.9600 7.3800 0.0172 
CL 17 435.0588 245.0810 330.0000 1380,0000 60064.6838 
PHENOL 17 0.0100 o.oooo 0.0100 0.0100 o.oooo 
ZN 17 0.0211 0.0145 0,0080 0.0700 0.0002 
SULFATES 17 1519.7647 19.9985 1490.0000 1570.0000 399.9412 
IRON "' 17 0.1076 0.0434 0.0300 0.2200 0,0019 
CROHIUH 17 0.0212 0.0033 0.0200 0.0300 o.oooo 



VARIABLE N MEAN STANDARD 
DEVIATION 

HINIHUH 
VALUE 

HAXIHUH ~ 

VALUE 
VARIANCE 

WFLL~~4 YEAR•74 --------------------------------------

r·H 
CL 
FHENDL. 
ZN 
SULFA.l E~:i 
HWN 
CI<UMIUM 

PH 
CL 
PHENUL 
lN 
SULFATES 
IRON 
CRDMIUM 

j 1 
2 
0 
0 
2 
0 
0 

3~.) 

10 
0 
0 

1 ') 

0 
0 

l t 9~545 

}7.5000 

161 '1. 5000 

/. T70,~, 
..13.0000 

1 T73, :5:533 

O.ll:W 
60.1041 

314. 6tl2~j 

WELL••4 YLt'IH~~·/5 

o.J//o 
::J. oY~/o 

124.2434 

--------------------------------------- WELL•4 YEAf<••/6 

PH 
CL. 
PHENOL. 
ZN 
SULF'A"fES 
IRON 
CROMIUM 

F'H 
CL 
F'llE:NOL 
ZN 
SULFATE!i 
If<IJN 
C:fWMIUM 

51 
1 ') 

0 
16 
12 
39 
37 

39 
11 

2 
18 
11 
40 
40 

7.514/ 0.3627 
31.~000 5.3172 

3.4594 1.1539 
1852 •. 8333 183.5399 

0.7/13 0.4597 
0.0368 (),0132 

WlLL•4 YLnR•77 

7.3892 0.3019 
32.0Y09 9.3537 
0.0100~ o.oooo 
3.9606 1.3~52 

1927.1818 136.4389 
0.8503 0.5674 
0.0285 0.0030 

7.7000 
:35. 0000 

1397.0000 

6 • • -s900 
2U,OOOO 

1~;/,7. 0000 

6.2000 
27.0000 

1,7000 
1317.0000 

0.0400 
o.oosu 

6.)~()0 

26,()l)()0 

0.0100 
1.6600 

1573.0000 
0.0600 
0,()250 

13.1000 
120.0000 

1fl42. 0000 

u.~:i2oo 

<16. 0000 

1 'Ill'/, 0000 

U,2400 
43.0000 

6.5000 
1995.0000 

1.8200 
0,0500 

/,9/00 
60.0000 

0.0100 
5.60()() 

2067.0000 
1.1500 
0.0400 

0.012? 
3612.5000 

'1 11012.5000 

0.1421 
26.0000 

1::i436, 42'L~ 

0.1315 
28.2721 

1.3314 
33686.8/88 

0.2114 
o.ooo2· 

0.0912 
jj/,4909 

(),()()()() 
1.946} 

18615.5636 
0.3220 
o.oooo 
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VARIABLE 

PH 
CL 
PHENOL · 
ZN 
SUL.FATE!5 
HWN 
CROMHJM 

FH 
CL 
PHENOL 
ZN 
~)ULFATES 

moN 
CRUMIUM 

N HEAN 

40 7. ~)294 
23 .>2. 478:3 
~ .., 0.013() 

17 124 ."4376 
22 19~5?. 090? 
4U o.uuo 
4;] 0.0269 

2~'.i ;.;ooo 
2:·s 34. 4130() 
l:l 0.561:.~ 

0 
::!.:-! 1U9 1/o 7/2/ 
'")I.: 
.... •J (). 3:~~93 
:~:'.) 0.0436 

STANDARD HINIHUH HAXIHUH VARIANCE 
DEVIATION VALUE VALUE 

WELL,,4 HAR'·"!U 

0.21013 7.1300 /. '1700 0.0444 

9.6430 22.0000 6~;. 0000 (/2.9001 
(!,()174 0.0010 0.0430 o.ooo:s 

'1 1/} t 41/"/2 1. ~5600 20~55. 0000 247~03.5124 

:'.'i:'.'j. "/494 1 U613. 0(l00 2102.0000 3107.9913 
0.4/1:~ 0.1400 :l. ~5400 0. ~-~:!20 
0. 00~51 0.0200 0.0400 o.oooo 

WEU ... '"'l YEAH '7'1 

o.:t;;:·.~ 7. 2•/()() IJ. 0'/00 O.OJH 
l (). 16~:itJ IJ, 0000 ~-'10. ()()()() :LO:S. 343., 
0. <;::_~4:5 (),()()11.) :! • 000() o. o:54Al 

IJ':! t 11:!2 1:, :JU. 0000 :.:021. 000() ll4'/0' 11J40 
0.3064 0.0300 l. ::.:.(!()~) o.o~tJ 11 

0. 060\j 0.030() 0. :170() (),()()46 
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VARIABLE N HEAN STANDARD 
DEVIATION 

HINIHUH 
VALUE 

HAXIHUH 
VALUE 

VARIANCE 

-------------------------------------------- WELL~4N YEAR=79 --------------------------------· 

PH 25 6.9648 0.2451 6.2100 7.4800 0.0601 

CL 25 467.4000 '181.6409 69,0000 803.0000 32993,4167 

PHENOL 21 5.3013 21.7265 0.0020 100,0000 472.0418 

ZN 25 0,0075 0.0072 0,0030 0.0280 0,0001 

SULFATES 25 488.8000 201.5757 354,0000 1370.0000 40632.7500 

IRON 25 0,2381 0.2141 0,0300 0.7610 0,0458 

CROHIUH 25 0.0300 o.oooo 0.0300 0.0300 o.oooo 

-------------------------------------------- WELL=4N YEAR=80 --------------------------------· 

PH so 6.7974 0.1210 6.3900 7.0500 0.0146 
' 

CL so 609.9000 144.5674 337.0000 1044.0000 20899.7245 

PHENOL 48 2.0998 14.4314 0,0010 100.0000 208.2643 
ZN 50 o.oo8o 0.0067 0.0030 0.0300 o.oooo 

SULFATES so 440,S600 228.2087 193.0000 1S13.0000 52079.2310 

IRON so 0.3471 0.4532 0,0300 3.3500 0.2054 

CROHIUH so 0,0300 o.oooo 
--. - o ;·oooo 0,0300 0.0300 

------------------------------------------7- WELL=4N YEAR=81 ---------------------------------

PH 51 6.9080 0.1402 6.6200 7.2000 0.0196 
CL so 482.7400 260.0024 76,0000 ' 800,0000 67601.2576 
PHENOL 51 0.0011 0.0006 0,0010 o.ooso o.oooo 

ZN so Oo0337 0.1402 0,0010 1,0000 0.0197 
SULFATES 50 909.6600 603,0432 348.0000 1884.0000 363661. 04S3 

IRON 49 '0.9500 0.8259 0,0400 2.7600 0,6821 

CROHIUH 49 0,0269 0.0047 0.0200 Oo0300 o.oooo 

-------------------------~------------------ WELL=4N YEAR=82 ---------------------------------

PH 32 7.3109 0.1335 7.0100 7,6900 0.0178 
CL 32 63,0313 83.9134 21.0000 SlO.OOOO 7041.4506 

PHENOL 32 Oo0100 o.oooo 0.0100 0.0100 o.oooo 

ZN 32 0.0381 o.OS74 0,0100 0.2600 0,0033 

SULFATES 32 1916.4063 101.9196 1740.0000 2340,0000 10387 •. 6038 

IRON 32 0.3150 0.2554 0.0400 1.3200 0.0652 

CROHIUH 32 0.0216 O.OOS1 0.0100 0.0300 o.oooo 
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VARIABLE N MEAN STANDARD 
DEVIATION 

----------~---------------------------------- WELL=5 

PH 20 7.9250 0. 2511 
CL 5 50.0000 33.5932 
PHENOL 0 
ZN 0 • • 
SULFATES 5 1437,8000 727.8473 
IRON 0 
CROMIUM 0 

--------------------------------------------- WELL=S 

PH 37 7.2968 0.2633 
CL 11 33.8182 11.6689 
PHENOL 0 
ZN 0 
SULFATES 12 1515.4167 489.8954 
IRON 0 
CROMIUM 0 .. 
--------------------------------------------- WELL=5 

PH 52 7.2162 0.3125 
CL 12 42.4167 13.4127 
PHENOL 0 
ZN 15 0.2829 0.2369 
SULFATES 12 1794.6667 89.9043 
IRON 38 2.9047 1.7125 
CROHIUH 39 0.0383 0.0159 

--------------------------------------------- WELL=5 

PH 44 7.1480 0.1889 
CL 11 50.6364 23.2563 
PHENOL 3 0,0100 o.oooo 
ZN 43 0.1661 0.1264 
SULFATES 11 1746,5455 90.6337 
IRON 40 2.0650 0.4058 
CROHIUH 44 0.0285 0.0023 

MINIMUM 
VALUE 

MAXIMUM 
VALUE 

VARIANCE 

YEAR=74 ---------------------------------

7.3000 8.2000 0.0630 
33.0000 110.0000 1128.5000 

. • 
150.0000 1892.0000 529761.7000 

YEAR=75 ---------------------------------

6.6700 
1.0000 

69.0000 

7.8800 
43.0000 

1817.0000 

0.0693 
136.1636 

239997.5379 

YEAR=76 ---------------------------------

6.1400 7.9000 0.0977 
25.0000 66.0000 179.9015 

0.0900 0.9600 0.0561 
1569.0000 1887.0000 8082.7879 

1.1900 7.4000 2.9327 
0.0100 0.1000 0.0003 

YEAR=77 ---------------------------------

6.6600 7.8200 0.0357 
29.0000 98.0000 540,8545 
0,0100 0,0100 o.oooo 
0.0210 0.6880 0.0160 

1588.0000 1840.0000 8214.4727 
0.7600 3,4800 0.1647 
0.0250 0.0300 o.oooo 
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VARIABLE N MEAN STANDARD 
DEVIATION 

--------------------------------------------- WELL~5 

PH 48 7.2177 0.1542 
CL 23 63.5217 29.8692 
PHENOL 6 0. 0117 0.0192 
ZN 48 0.1641 0.2994 
SULFATES 23 1837.9565 189.6304 
IRON 46 1.9654 0.6276 
CROMIUM 48 0.0265 0.0048 

--------------------------------------------- WELL~5 

PH 50 7.2296 0.2142 
CL 49 55.2449 32,6200 
PHENOL 32 3.5477 17,6272 
ZN 35 o.o963 0.2892 
SULFATES 49 1774.3061 94.9768 
IRON . 50 1.8202 Oo6642 
CROMIUM 50 0.0300 o.oooo 

--------------------------------------------- WELL=5 

PH 50 7.0872 0.0930 
CL 50 47.1200 10.4874 
PHENOL 48 2.0993 14.4314 
ZN 50 0.0530 0.1190 
SULFATES 50 1841.0600 47.4279 
IRON 50 2.0326. 1.2233 
CROMIUM 50 0.0300 o.oooo 

--------------------------------------------- WELL=5 

PH 34 7.1109 0,0899 
CL 34 48.7059 13.8379 
PHENOL 34 0.0011 0.0003 
ZN 33 0.0479 0.0371 
SULFATES 34 1790.0992 220.4144 
IRON 33 2.6327 0.6834 
CROMIUM 33 0.0276 0.0044 

MINIMUM 
VALUE 

MAXIMUM 
VALUE 

VARIANCE 

YEAR~78 ---------------------------------

6.6500 7.5600 0.0238 
29.0000 156.0000 892.1700 

0,0010 0.0500 0.0004 
0.0270 1.6700 0.0896 

1706.0000 2679.0000 35959.6798 
0.1800 3.8700 0,3939 
0.0200 0.0300 o.oooo 

YEAR=79 ---------------------------------

6.3600 7.7700 0.0459 
19.0000 221.0000 1064.0638 
0.0020 100.0000 310.7187 
0.0030 1.7200 0.0831 

1:413.0000 1933.0000 9020,5918 
0,0400 3.2000 0.4412 
0.0300 0.0300 o.oooo 

YEAR~80 ---------------------------------

6.7400 7.2800 0.0086 
30.0000 67.0000 109.9853 

0.0010 100.0000 208.2665 
0.0090 0.8400 0,0142 

1651.0000 1948.000.0 2249.4045 
0.0400 9.1500 1.4965 
0,0300 0,0300 o.oooo· 

YEAR~81 ---------------------------------

6.9500 7.3300 0,0081 
31.0000 90.0000 191,4866 
0.0010 0,0030 o,oooo 
0.0110 0.1550 0.0014 

629o0000 1924.0000 48592.5071 
0.1900 3.6400 0.4671 
0.0200 0.0300 o.oooo 
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VARIABLE N HEAN STANDARD 
DEVIATION 

--------------------------------------------- WELL=5 

PH 16 7.2306 0.0990 
CL 16 43.0000 6.1319 
PHENOL 16 0.0100 o.oooo 
ZN 16 0.0974 0.1155 
SULFATES 16 1809.1250 63.5860 
IRON 16 2o6987 0.8966 
CROHIUH 16 Oo0219 0.0066 

HINIHUH 
VALUE 

HAXIHUH 
VALUE 

VARIANCE 

YEAR=82 ---------------------------------

7.1000 7.4500 0.0098 
33.0000 51.0000 37.6000 
0.0100 0.0100 o.oooo 
0.0100 0.4500 0.0133 

1700.0000 1960.0000 4043.1833 
1.5000 5.5100 0.8039 
0.0100 Oo0300 o.oooo 
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VARIABLE N MEAN STANDARD 
DEVIATION 

--------------------------------------------- WELL;6 

PH 32 9;0479 0.3954 
CL 5 434.8000 244.1848 
PHENOL 0 
ZN 13 2.5085 1.6792 
SULFATES 7 1242.8571 746.9753 
IRON 30 0,4364 0.5389 
CROMIUM 30 0,0362 Oo0108 

--------------------------------------~------ WELL;6 

PH 38 8o0487 0.3793 
CL 10 557.3000 37.5472 
PHENOL 4 0.0100 o.oooo 
ZN 38 2.0393 1o0430 
SULFATES 10 1790.3000 59.3147 
IRON 38 0.2201 0. 2138 
CROMIUM 38 0.0287 0.0035 

--------------------------------------------- WELL•6 

PH 49 8.1486 0,4546 
CL 26 494.8080 210.5981 
PHENOL .2 0.1905 0.2680 
ZN 19 1.7953 2o1777 
SULFATES 25 1804.3200 60.9650 
IRON 49 o;2947 Oo3010 
CROHIUH 49 0.0267 0.0047 

--------------------------------------------~ WELL=6 

PH 25 8.0600 0.2186 
CL 25 667.4400 381.6381 
PHENOL 9 0.6751 0.9937 
ZN 0 
SULFATES 24 1669.3750 386.6178 
IRON 25 Oo1138 0.0663 
CROHIUH 25 0.0300 o.oooo 

MINIMUM 
VALUE 

MAXIMUM 
VALUE 

VARIANCE 

YEAR=76 ---------------------------------

7.4200 9.1200 0,1563 
1.0000 587.0000 59626.2000 

0.5500 5.0100 2.8198 
77.0000 1853.0000 557972.1429 

0.0200 2.6300 0.2905 
0.0200 0.0500 0.0001 

YEAR;77 ---------------------------------

7.2500 8.9300 0,1438 
491.0000 627.0000 1409.7889 

0.0100 0.0100 o.oooo 
0.0320 4.6200 1 .0878 

1668.0000 1879.0000 3518.2333 
0.0200 0.8300 0.0457 
0.0250 Oo0440 o,oooo 

YEAR=78 ---------------------------------

6.4500 9.1800 0,2067 
0.0070 642.0000 44351.5644 
0.0010 0.3800 0,0718 
0.0250 9,5800 4.7424 

1671,0000 2000.0000 3716.7267 
0.0300 1o4500· 0.0906 
0.0200 0.0300 o.oooo 

YEAR=79 ---------------~-----------------

7.6000 8.6300 ' 0.0478 
91.0000 1865.0000 145647.6733 
o.oo2o 2.0000 0.9875 

529.0000 2399.0000 149473.2880 
0.0200 0.3100 0.0044 
0.0300 0.0300 0.0000 



VARIABLE N MEAN STANDARD HINIHUH HAXIHUH VARIANCE 

DEVIATION VALUE VALUE 

WL.L.l. •6A YLAI\''"/6 

PH ~I/ /,JlJ~jl 0.2303 '7 •. l 000 7. '/200 o. o~no 

CL 9 34.4444 1 ~:;. ~') 2 :i 1 5.0000 ~)0. 0000 24.L.o:ou 

F'HENDL () 

ZN Ll () .1986 o.:-~123 o.o::.~oo :L. :l/()() o.o'';/5 

SULFATES 10 :uo. /000 ~"56~. J!'.'J3:2 6cj. oooo :LIJU/.0000 J 196~·~4 t 233J 

lfWN J!'j 0.6446 o .tJ21lD o.o200 ].2200 o.61J68 

l:fWM.lUM ;~ ~.) o.o:l7:l 0.0111 0, o:!OO 0.()5()() 0,()()()1 

L·ILLL"•I>A YEA~~:.~7/ 

l·'ll JU /.~~9/4 0.24/U /.0~00 I • '?000 0.0614 

CL 10 ~:j() + ~;,.000 l4.tN41 24.0000 '/2.0000 221. t33~~J 

PHENOL 
., ,_ (),()1()() o.oooo (),()100 l). 0100 (),()()()() 

ZN 3[1 () '()/ll:l (). 2:::i~)/ o. oo::Jo 1 • ~:i600 0. 06~:J4 

'>j SULF ATE~i 1.0 106.4000 ~:.~o. 4llJ3 4f.1,()()()0 1'16. 0000 IJ()/,6000 

I IFWN 30 ()I 245:.::~ 0.3616 (),();:>()() 1.B400 o.uo; 

>-' 
-.J CROMlLIM 3D o.o;:ou o. oo:.:.-~2 (). 02~)0 ''. o:loo o.oooo 

~llcl..l .• "'6 A YU'II(•/1:1 

F·H 47 '7.471:t (). 24'12 '7. ()/,()() ll. () 100 0.0621 

CL ::!~5 65./391 :llll .,4273 10.0000 605.0000 1402~·j,O.l'JB 

f"IUcNCiL 6 o.oon o.ooon (),()():l() o.oo.lO o.oooo 

ZN 46 0.1487 0. J~il:l2 (),()()50 1. ~)t',()() ().!2133 

SUU'IlH.S 23 166.043~) :!91.). 6'..~76 57.0000 l~.:il!·.J, OOO() BP/U/•, IJ~.:i:-!6 

lf<UN 4"'' ... 0. 2!3'/ll 0.4501 0. O.lOO lo}::i()() 0.2026 

C:fWMIUM 46 (),()2/ll ~). 0042 o. o:~oo O,()JOO o.oooo 

WLL.l.."t.A Y[(-'lf~~.,:'/(/ 

>-!Cl PH 4'? 7.~:,(pl/ (). 32~16 6.1'100 u.:J!oo (). 1 06() 

"' 0 C:L 4'1 49. /~·,5.L .H ,:L'/60 10.()0()() 21U. ()()()l) '>' 7:l, lU!lll 

~~ 
~· "' ~·H~cNUl. .l! 3.5323 :1./,92/'/ o. oo:.~o 1()0.0000 321.40131 

:> tXl 
""~ ZN 4'/ 0.0204 0.0!'/4 O,OOJO ().J()l(J ()., 0004 

t'"• SULFATES 41l 11/,1137~. ~:H I :c~ ~7J ~:j :.:.! :":.4. ()()()() 276,0000 ~·~6.·~7 I O'ilU 

., ;;:: 
c:ro lfWN 4tl 0,'/2/H 1,2J2H (),()J()() ~j. ()()()() 1 ,:'H'J9 

Sl ~ CI~!JM 1 UM 49 o. o:·loo (),()()()() (),()]()() (),()J()() (). ()()()() 

., z 
otxl =· ::a 
"' !!' -" n 
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VARIABLE 

PH 
CL 
PHENOL 
ZN 
SULFATES 
IRON 
CROMIUM 

PH 
CL 
P~ENOL 

ZN 
SULFA'fES 
IRON 
CROMIUM 

N MEAN 

50 7.3784 
50 46.4800 
48 2,0995 
50 OoOOJ9 
50 161.7600 
50 2.4216 
50 0.0300 

., 
~ 7.2?50 
1 84.0000 
2 0,0030 
~ 0.004~ 
~ 
~ 203.5000 
2 0.1500 
~ 
L Q,OJOU 

STA~DARD HINIHUH HAXIHUH VARIANCE 
DEVIATION VALUE VALUE 

-- WLLL~6A YLA~=80 

0.17~1 6.51()0 7.8300 0.0296 
17.80YY 1J,OOU0 100.0000 317.193~ 

14.4314 0.0010 100.0000 20!3.2659 
o.u024 o.uo3o O.U1JO o.ouoo 

9Y,1757 39.0000 630.0000 98J~.818!3 

16.2474 O.OJOO 115.0000 ~63.YJ93 

o.oooo 0.0300 0,0300 o.oooo 

WE:LL.=6A YEAR•81 

0,()495 ;.2600 J,JJUO 0.0024 
84.0000 84.0000 

0.0028 0.0010 0.00j0 o.oooo 
0.0021 0.0030 0.0060 0.0(100 

44.5477 172.00t)0 ~35,0000 1984.5000 
0.1o9/ 0.0300 u.2700 0.0288 
o.oooo 0.0300 0.0300 o.ouoo 
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VARIABLE N MEAN STANDARD 
DEVIATION 

MINIMUM 
VALUE 

MAXIMUM 
VALUE 

VARIANCE 

-------------------------------------------- WELL~6N YEAR=79 ---------------------------------· 

PH 25 7.4784 0.3452 6.3800 8.1600 0.1192 
CL 25 1180.0800 148.3158 744.0000 1678.0000 21997.5767 
PHENOL 21 5.2573 21.7366 0.0030 100.0000 472.4802 
ZN 25 o.oo88 0,0086 0.0030 0.0350 0.0001 
SULFATES 25 1807.1600 74.0139 1600.0000 1969.0000 5479.0567 
IRON 25 0.0760 0.0887 0,0300 0.4000 0.0079 
CROMIUM 25 0.0300 o.oooo 0.0300 0,0300 o.oooo 

-------------------------------------------- WElL=6 .. N YEAR=90 ---------------------------------

PH 50 7.2274 0.0946 6.9700 7.5900 0.0089 
CL 50 1162.9800 103.3837 892.0000 1486.0000 10689.1894 
PHENOL 46 2.1935 14.7413 0.0010 100.0000 217.3054 
ZN 50 0.0055 0.0040 0.0010 0.0250 o.oooo 
SULFATES 50 1832.5400 61.0935 1519.0000 1946.0000 3732.4167 
IRON 50 0.0606 0.0556 0.0300 0,3300 0.0031 
CROMIUM 50 0.0300 o.oooo 0.0300 0.0300 o.oooo 

-------------------------------------------- WELL=6N YEAR=81 ---------------------------------

PH 34 7.2606 0.1311 7.0400 7.7000 0.0172 
CL 34 1344.2647 212.6751 1048,0000 1840.0000 45230.6854 
PHENOL 34 0.0025 0.0091 0.0010 0.0490 0.0001 
ZN 33 0.0142 0.0157 0,0010 0,0870 0.0002 
SULFATES 34 1822.0588 33.1077 1760.0000 1907,0000 1096.1176 
IRON 33 o.o589 Oo0465 0.0300 0,2500 0.0022 
CROMIUM 33 Q.0279 0.0048 0.0200 0,0400 o.oooo 

-------------------------------------------- WELL=6n YEAR=82 ---------------------------------

PH 17 7.2994 0.1641 7.1500 7.8000 0.0269 
CL 17 1431.1765 169.5196 1090.0000 1740,0000 28398.5294 
PHENOL 17 0.0100 o.oooo' 0.0100 0.0100 o.oooo 
ZN 17 0.0245 0.0103 0.0100 o,osoo 0.0001 
SULFATES 17 1823.8824 53.9524 1770.0000 1980.0000 2910.8603 
IRON 17 0.1018 0.0265 0.0700 0.1600 0.0007 
CROMIUM 17 0.0241 0. 0071 0.0100 0.0400 o.ooo1 
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VARIABLE N MEAN STANDARD 
DEVIATION 

--------------------------------------------- WELL=7 

PH 1 7.9800 . 
CL 1 516.0000 . 
PHENOL 0 • . 
ZN 0 
SULFATES 1 1698.0000 • 
IRON 1 0.0500 • 
CROMIUM 1 Oo0500 • 

--------------------------------------------- WELL=7 

PH 25 7.2848 0.2575 
CL 25 209.4000 80.1613 
PHENOL 21 5.2569 21.7367 
ZN 25 0.0045 0.0022 
SULFATES 25 1835.6000 83.6516 
IRON 25 0 ·1345 0.1536 
CROMIUM 25 0.0300 o.oooo 

--------------------------------------------- WELL=7 

PH 50 7.2732 0.0934 
CL 50 93.6600 57.6140 
PHENOL 48 2.0975 14.4317 
ZN 49 0.0063 0.0045 
SULFATES 50 1772.7800 119.8190 
IRON 49 0 ·1761 0.1247 
CROHIUH 50 0.0300 o.oooo 

MINIMUM 
VALUE 

HAXIMUM 
VALUE 

VARIANCE 

YEAR~76 ---------------------------------· 

7.9800 7.9800 
516.0000 516.0000 

1698.0000 1698,0000 
0.0500 0.0500 
0.0500 0.0500 

YEAR=79 ---------------------------------· 

6.2700 7.7500 0.0663 
109,0000 414,0000 6425.8333 

Oo0020 100.0000 472.4849 
0,0030 0,0110 o.oooo 

1537.0000 1935,0000 6997.5833 
0.0300 0.6800 0.0236 
Oo0300 0,0300 o.oooo 

YEAR=80 ---------------------------------

7.0200 7.5500 0.0087 
55.0000 372.0000 3319.3718 

0.0010 100,0000 206.2740 
0.0030 0.0270 o.oooo 

1466.0000 2237.0000 14356.5833 
0.0300 0.5800 Oo0156 
0.0300 0.0300 o.oooo 
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VARIABLE N HEAN STANDARD 
DEVIATION 

--------------------------------------------- WELL~7 

PH 35 7.2969 0.1175 
CL 35 74.0571 25.7076 
PHENOL 35 0.0010 o.oooo 
ZN 34' 0.0129 0.0086 
SULFATES 35 1767.8000 79.7152 
IRON 34 0.3909 0. 2642 
CRDHIUH 34 0.0279 0.0041 

--------------------------------------------- WELL~7 

PH 16 7.3000 0.0692 
CL 16 93.1875 124t1613 
PHENOL 16 0.0106 0.0025 
ZN 16 0.0197 0.0080 
SULFATES 16 1791.8750 54.1872 
IRON 16 0.1531 0.0903 
CROHIUM 16 0.0212 0.0034 

HINIHUH 
VALUE 

HAXIHUH 
VALUE 

VARIANCE 

YEAR~81 --------------------------~------

7.0500 7.5500 0.0138 
35.0000 136.0000 660.8790 

0.0010 0.0010 o.oooo 
0.0030 0.0420 o.ooo1 

1493,0000 1876.0000 6354.5176 
0.0600 1.2400 0.0698 
0.0200 0.0300 o.oooo 

YEAR~82 ---------------------------------

7.1400 7.4200 0.0048 
15.0000 450.0000 15416.0292 
0.0100 0,0200 o.oooo 
0.0030 0.0300 o.ooo1 

1630.0000 1880,0000 2936.2500 
0.0300 0.3600 0.0082 
0.0200 0.0300 o.oooo 
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VARIABLE N MEAN STANDARD 
DEVIATION 

----------------~---------------------------- WELL=8 

PH 16 7.3:550 0. 1924 
CL 16 26.1250 1.7464 
PHENOL 12 8.6068 28.7846 
ZN 16 6.0766 2,1655 
SULFATES 16 1842.3125 57.6931 
IRON 16 2.2181 0.3583 
CROMIUM 16 Oo0300 o.oooo 

---------~----------------------------------- WELL=8 

PH 50 7.3072 0.1278 
CL 50 25.6800 2.7586 
PHENOL 48 2.0994 14.4314 
ZN 49 4.8549 1.7165 
SULFATES 50 1845.8200 56.6492 
IRON 50 2.2024 1.0088 
CROMIUM 50 0.0300 o.oooo 

--------------------------------------------- WELL=8 

PH 
CL• 
PHENOL 
ZN 
SULFATES 
IRON 
CROMIUM 

33 
33 
33 
32 
33 
32 
32 

7.2488 0 .• 1212 
42·. 6364 35.-2206 

Oo0012 0.0014 
4.9513 1.6390 

1783.1515 41.5189 
2.:5794 2.4997 
0.0606 0.1806 

MINIMUM 
VALUE 

MAXIMUM 
VALUE 

VARIANCE 

YEAR=79 ---------------------------------

7.0700 7.7800 0.0370 
23.0000 30.0000 3.0500 
0.0020 100,0000 828.5537 
0.9050 8.9500 4.6892 

1733.0000 1938.0000 3328.4958 
1.8000 2.8900 0 t 1283 
0,0300 0.0300 o.oooo 

YEAR=80 ---------------------------------

6.9500 7.6500 0.0163 
17.0000 32.0000 7.6098 
0.0010 100.0000 208.2661 
1.7700 9.9000 2.9464 

1583.0000 1991.0000 3209.1302 
0.0300 4.8000 1.0177 
0.0300 0.0300 o.oooo 

YEAR=81 ---------------------------------

7.0600 7.4800 0.0147 
24.0000 232.0000 1240.4886 

0.0010 0.0090 o.oooo 
0,0030 8.8500 2.6864 

1620.0000 1870.0000 1723.8201 
0.0500 9.3300 6.2483 
0.0200 1.0500 0.0326 

WELL•cO YEAf(o•B2 

PH 
CL 
PHENOL 
LN 
SULFA'fEfl 
lRDH 
CRDMIUM 

15 
1:) 
1 :; 
l~i 

1:5 
1!5 
1 ~5 

/,JIJOO 0.10~3 

41.866/ ~~'J. 6t:Jo6 
o.o100 o.oooo 
2.15~53 3. 3!'.~96 

1 '/iJ/, 066/ 14. ~i:i/6 
l. U~)20 1./7/4 
0 '02 :l3 () '003:) 

'7. 02()0 /,400() (),010'? 

10.00()() 1\J(),()()()() 1:-.:i/~l. ~5~:J24 

0 .()1 00 0.0100 o.oooo 
0,1/00 D, 1000 11.2!372 

1 no, oooo 1u;5o. oo<Jo 211.'12.'513 

0.4000 /. '1600 3 .15'1~~ 

o. o:•oo 0.0300 o.oooo 
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VARIABLE MEAN STANDARD 
DEVIATION 

MINIMUM 
VALUE 

MAXIMUM 
VALUE 

VARIAt~CE 

-------------------------------------- WELL•ll MONTHml ----------------------------

PH 7.3300 0.1414 7.2300 7.4300 0.0200 

PHENOLS 0.0100 o.oooo 0.0100 0.0100 0.0000 

CL 607.5000 67.1751 560.0000 655.0000 4512.5000 

SULFATES 2030.0000 o.oooo 2030.0000 2030.0000 o.oooo 
ZN 0.0145 0.0078 0.0090 0.0200 0.0001 

CROMIUM 0.0300 o.oooo 0.0300 0.0300 o.oooo 

-------------------------------------- WELL=11 MDNTH=2 ---------------------------· 

PH 7.3500 . 7.3500 7.3500 

PHENOLS 0.0100 . 0.0100 0.0100 
CL 590.0000 . 590.0000 590.0000 

SULFATES 2040.0000 . 2040.0000 2040.0000 
ZN 0.0270 • 0.0270 0.0270 

CROMIUM 0.0200 • 0.0200 0.0200 

-------------------------------------- WELL=11 MONTH=3 ---------------------------

PH 7,3850 Q,091(i' 7.3200 7.4500 0.0084 

PHENOLS 0.0100 o.oooo 0.0100 0.0100 o.oooo 
CL 555.0000 77.7817 ~oo.oooo 610.0000 6050.0000 

SULFATES 2060.0000 14.1421 2050.0000 2070.0000 200.0000 

ZN 0.0110 0.0127 0.0020 0.0200 0.0002 

CROMIUM Oo0200 o.oooo 0.0200 0.0200 o.oooo 

-------------------------------------- WELL=ll MONTH=4 ---------------------------

PH 7.3250 0.0354 7.3000 7.3500 0.0012 

PHENOLS 0.0100 o.oooo 0.0100 0.0100 o.oooo 
CL 610.0000 28.2843 5 110 0 0000 630.0000 800.0000 

SULFATES 2045.0000 7.0711 2040.0000 2050.0000 50.0000 

ZN 0.0250 0.0071 0.0200 0.0300 0.0001 

CROMIUM 0.0200 o.oooo 0.0200 0.0200 o.oooo 
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VARIA11LE MEAN STANDARD 
DEVIATION 

MINIMUM 
VALUE 

MAXIMUM, 
VALUE 

VARIANCE 

-------------------------------------- WELL~11 MDNTH=5 ---------------------------

PH 7.3200 . },3200 '7.3200 

PHENOLS 0.0100 0.0100 0.0100 

CL 2610.0000 . 2610.0000 2610.0000 

SULFATES 2070.0000 . 2070.0000 2070.0000 
ZN 0.0030 0.0030 0.0030 
CROMIUM 0.0300 • 0.0300 0.0300 

-------------------------------------- WELL=11 MONTH=6 ---------------------------

F'H 7.4400 0.0283 7.4200 7.4600 o.ooos 
PHENOLS 0.0100 o.oooo 0.0100 0.0100 o,oooo 
CL 615.0000 21.2132 600.0000 630.0000 450.0000 
SULFATES 2040.0000 28.2843 2020.0000 2060.0000 800.0000 

ZN 0.0100 o.oooo 0.0100 0.0100 o.oooo 
CROMIUM 0.0200 o.oooo 0.0200 0.0200 o.oooo 

-------------------------------------- WELL=11 MONTH=7 ---------------------------

PH 7.4267 0.0208 7.4100 7.4500 0.0004 
PHENOLS 0.0100 o.oooo 0.0100 0.0100 o.oooo 
CL 554.6667 43.8786 520.0000 604.0000 1925.3333 
SULFATES 2032.3333 10.7858 2020.0000 2040.0000 116.3333 
ZN 0.0133 0.0058 0.0100 ·0.0200 o.oooo 
CROMIUM 0.0200 o.oooo 0.0200 0.0200 o.oooo 

-------------------------------------- WELL=11 MONTH=B ---------------------------

PH 
PHENOLS 
CL 
SULFATES 
ZN 
CROMIUM 

7.2400 
0.0100 

610.0000 
2061,0000 

0.0100 
0.0200 

'7.2400 
0.0100 

610.0000 
2061.0000 

0.0100 
0.0200 

7.2400 
0.0100 

610.0000 
2061.0000 

Oo0100 
0.0200 
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VARIABLE MEAN STANDARD 
DEVIATION 

HINIHUH 
VALUE 

HAXIHUH 
VALUE 

VARIANCE 

-------------------------------------- WELL•!! HONTH=9 ---------------------------

F'H 7.1350 0.2333 6.9700 7.3000 0,0544 

F'HENOLS 0.0100 o.oooo 0.0100 0.0100 o,oooo 
CL 596.5000 1'7.0919 583.0000 610.0000 364.5000 

SULFATES 2055.0000 7.0711 2050.0000 2060.0000 50.0000 

ZN 0.0100 o.oooo 0.0100 0.0100 o.oooo 
CROHIUM 0.0200 o.oooo 0.0200 0.0200 o.oooo 

-------------------------------------- WELL=!! MONTfl=IO --------------------------

F'H 7.3900 7.3900 7.3900 
PHENOLS 0.0100 0.0100 0.0100 
CL 609.0000 • 609.0000 609,0000 
SULFATES 2040.0000 • 2040.0000 2040.0000 
ZN 0.0200 . 0.0200 0.0200 
CROMIUM 0.0200 . 0.0200 0.0200 
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VARIABLE MEAN STANDARD 
DEVIATION 

MINIMUM 
VALUE 

MAXIMUM 
VALUE 

VAt;TANCE 

-------------------------------------- WELL=12 MONTIJ=1 ----------------------------

PH 
PHENOLS 
CL 
SULFATES 
ZN 
CROMIUM 

PH 
PHENOLS 
CL 
SULFATES 
ZN 
CROMIUM 

7.2800 
0.0100 

1410.0000 
1870.0000 

0.0340 
0.0300 

7.1900 
0.0100 

910.0000 
1890.0000 

0.0240 
0.0300 

7.2800 
0.0100 

1410.0000 
1870.0000 

0.0340 
0.0300 

WELl_=12 MONTH=2 

7.1900 
0,0190 

910.0000 
1890.0000 

0.0240 
0.0300 

7.2800 
0.0100 

1410.0000 
1870.0000 

0.0340 
0.0300 

7,1900 
0.0100 

910.0000 
1890.0000 

0.0240 
0.0300 

-------------------------------------- WELL•12 MONTH•3 ---------------------------

PH 7.0750 0.1768 6.9500 7.2000 0.0312 
PHENOLS 0.0100 o.oooo 0.0100 0.0100 o.oooo 
CL 765.0000 148.4924 660.0000 870,0000 22050.0000 
SULFATES 1950.0000 141.4214 1850.0000 2050.00.00 20000.0000 
ZN 0.0160 0.0057 0.0120 0.0200 o.oooo 
CROMIUM 0.0250 0.0071 0.0200 0.0300 0.0001 

-------------------------------------- WELL•12 MONTH•4 

PH 6, 8(TOO 0.0141 6.8800 6.9000 0.0002 
PHENOLS o.o1oo o.oooo 0.0100 0.0100 o.oooo 
CL 488.0000 31.1127 466.0000 510.0000 968,0000 
SULFATES 1935.0000 7. 0711 1930.0000 1940.0000 50.0000 
ZN 0.0200 0.0141 0.0100 0,0300 0.0002 
CROMIUM 0.0250 0.0071 0.0200 ().0300 0.0001 
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VARIABLE MEAN STANDARD 
DEVIATION 

MINIMUM 
VALUE 

-------------------------------------- WELL=12 MONTH=6 

F'H 7.0500 0.0990 6. 9ll00 
PHENOLS 0.0100 o.oooo 0.0100 
CL 508.0000 31.1127 41!6.0000 
SULFATES 1971.0000 57.9828 1930.0000 
ZN 0.0250 0. 0071 0.0200 
CROMIUM 0.0200 o.oooo 0.0200 

MAXIMUM 
VALUE 

7.1200 
0.0100 

530.0000 
2012.0000 

o.o:Joo 
0.0200 

VARIANCE 

0.0098 
o.oooo 

968.0000 
3362.0000 

0.0001 
o.oooo 

-------------------------------------- WELL=12 MONTH=? ---------------------------

F'H 7.1333 0.24135 6.9800 7.4200 0.0617 

PHENOLS 0,0100 o.oooo 0.0100 0,0100 o.oooo 

CL 518.3333 7.6376 510.0000 525.0000 58.3333 

SULFATES 1948.3333 27.5379 1920.0000 1975.0000 758.3333 

ZN 0.0233 0.0153 0.0100 0.0400 0.0002 

CROMIUM 0.0200 o.oooo 0.0200 0.0200 o.oooo 

-------------------------------------- WELL=12 MONTH=B ---------------------------

F'H 
F'HENOLS 
CL 
SULFATES 
ZN 
CROM!UM 

F'H 
PHENOLS 
CL 
SULFATES 
ZN 
CROMIUM 

6.9200 
0.0100 

490.0000 
1980.0000 

0.0300 
0.0300 

6.9533 
o.o1oo 

507.3333 
1956.6667 

o.o2oo 
0.0167 

0.0351 
o.oooo 
6.4291 

15.2753 
0.0173 
0.0058 

6.9200 
o.o1oo 

4'10. 0000 
1980.0000 

0.0300 
0.0300 

WELL=12 MONTH=9 

6.9200 
0.0100 

500.0000 
1940.0000 

0.0100 
0.0100 

6.9200 
0.0100 

490.0000 
1980.0000 

0.0300 
0.0300 

6.9900 
0.0100 

512.0000 
1970.0000 

o.o4oo 
0.0200 

0.0012 
o.oooo 

41.3333 
233.3333 

0.0003 
o.oooo 
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VARIADLE MEAN STANDARD 
DEVIATION 

MINIMUM 
VALUE 

MAXIMUM 
VALUE 

VARIANCE 

-------------------------------------- WELL=12 MDNTil=10 ----------------------------

F'H 6.9800 . 6.9800 6.9800 

PHENOLS 0.0100 • 0.0100 0.0100 

CL ~-1 0. 0000 510.0000 510.0000 
SULFATES 1970.0000 1970.0000 1970.0000 

ZN 0.0200 ' 0.0200 0.0200 

CROMIUM 0.0200 • 0.0200 0.0200 
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VARIABLE 

PH 
F'HENOLS 
CL 
SULFATES 
ZN 
CROMIUM 

MEAN 

7.6000 
0.0100 

620.0000 
1890.0000 

0.0340 
0.0300 

STANDARD 
DEVIATION 

WELL~13 

MINIMUM 
VAL.UE 

MONTH:! 

7.6000 
0.0100 

6:•o. oooo 
1890.0000 

0.0340 
0.0300 

-------------------------------------- WELL=1J MONTH:2 

F'H 7.2300 . 7.2300 
PHENOLS 0.0100 . 0.0100 
CL 610.0000 . 610.0000 
SULFATES 1880.0000 . 1880.0000 
ZN 0.0320 . 0.0320 
CROMIUM 0.0300 . 0,0300 

-------------------------------------- WELL=13 MONTH=3 

F'H 7.3600 0.0566 7.3200 
F'HENOLS 0.0100 o.oooo 0.0100 
CL 670.0000 98. '1949 600.0000 
SULFATES 2015,0000 233.3452 1850.0000 
ZN 0.0380 0.0028 0.0360 
CROMIUM 0.0250 0.0071 0.0200 

-------------------------------------- WELL=13 MIJNTH=4 

PH 7.6300 0, .B'/4 7.3900 
PHENOLS 0,0200 0.0141 0.0100 
CL 12}5,()000 940.4520 610.0000 
SULFATES 1900.0000 14.1421 1890.0000 
ZN 0.0300 o.oooo 0.0300 
CROMIUM 0.0250 0. 00/1 0,0200 

MAXIMUM 
VALUE 

7.6000 
0.0100 

620.0000 
18'10.0000 

0.0340 
0.0300 

?.2300 
0.0100 

610.0000 
1880.0000 

0.0320 
0.0300 

7.4000 
0,0100 

740.0000 
2180.0000 

0.0400 
0.0300 

7.8?00 
0.0300 

1940.0000 
1910.0000 

0.0300 
0.0300 

VARIANCE 

0.0032 
o.oooo 

'7800. 0000 
54450.0000 

o.oooo 
0.0001 

0. 1152 
(),0002 

884450.0000 
200.0000 

o.oooo 
0.0001 



VARIABLE MEAN STAIHIARD MINIMUM MAXIMUM VARIANCE 
!lEVIATION VALUE VALUE 

WELL=13 MONTH=6 

PH ?.4200 o.oooo 7.4200 7.4200 0.0000 

PHENOLS 0.0100 o.oooo 0.0100 0.0100 o.oooo 
CL. 615.0000 T7.7817 560.0000 670.0000 6050.0000 

SULFATES 1922.5000 45.9619 1890.0000 1955.0000 2112'.5000 

ZN 0.0300 o.oooo 0.0300 0.0300 o.oooo 
CROMIUM 0.0150 0.0071 0.0100 0.0200 o.oooo 

WELL=13 MONTH=? 

PH 7.4267 0.2419 7.2400 7.7000 0,05!35 

PHENOLS 0.0100 o.oooo 0.0100 0.0100 o.oooo 
CL 588.3333 7.6T76 580.0000 595.0000 58.3333 

"" SULFATES 18B9.6667 19.5021 1070.0000 1909.0000 380.3333 
I ZN 0.0333 (). 00~.'18 O,OJOO 0.0400 o.oooo 

w 
0 CRDMIUM 0.0200 o.oooo 0.0200 0.0200 o.oooo 

WELL=13 HDNTH=8 

F·H 7.2300 . 7.2300 7.2300 

F'HENOLS 0.0100 0.0100 0.0100 
CL 570.0000 . 570.0000 570.0000 
SULFATES 1920.0000 . 1920.0000 1920.0000 
ZN 0.0040 . 0.0040 0.0040 
CROHILIM 0.0300 . 0.0300 o. o:lOo 

-------------------------------------- WELL=13 MONTH=9 

F'H 7.2267 0.0808 7. 1400 7.3000 0.0065 
o-liXI PHENOLS 0.0100 o.oooo 0.0100 0.0100 o.oooo 
"' 0 
~~ CL 5B8.0000 7.2111 5U0.0000 :'::J 1J4 o 0000 52.0000 
~·en SULFATES 1883.3333 5.7735 1 fJBO, 0000 1890.0000 33·. 3333 
" t"l 

(JQ ::0 ZN 0,0300 0.0173 0.0200 0.0500 0.0003 
t"'• CROMILJM 0.0167 0.0058 0.0100 0.0200 o.oooo 
"' 3: o-o 
Q ::0 
"' z Q[%] 
~- ::0 
"' !!' -"' n 
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VARIA8LE 

F'H 
F'HENOLS 
CL 
SULFATES 
ZN 
CROMIUM 

MEAN 

?.2800 
0.0100 

580.0000 
1910.0000 

0.0300 
0.0200 

STANDARD 
DEVIATION 

WELL~13 

MINIMUM 
VAL.IJE 

MONTH~JO 

],2800 
0.0100 

5130.0000 
1910.0000 

0,0300 
0.0200 

MAXIMUM 
VALUE 

7.2800 
0.0100 

580.0000 
1910.0000 

0.0300 
0.0200 

VARIANCE 



,. -, 
i'· 

I 
'I I ,I :I, 

I"Hiiilllli'l I: 
I I 

i 
" ,I 

I")- ", ) I It I 

II i j, i I ,, 
" " " 

I 
I 

' I , , , 
I' 

I ;I ! : I 
' I l ,'j '' PI 
' ' ' ' ' II I ' ' ' I : ' I ' I ' ' ,, 

' ' " '' 

NO. 5 of 8 
SECTION LOCATION. 

, I il 

'' 

: .. ' ,'• 

',, J " '' ' " ' , I : '' " I ' .'' '} '' ' '! ! ·"I ' ' I II!!\ " ' ; :! ' '' ' !: :, j ' . , -~ I 
' " ' -:, :. 
''' I ",, ''' ' ",, 

';::_;.:,4j4J'>f1'fl- GRCUlO WATE'R 

:, BLOWS 

' 

BOWSER- MORNER 
OUTON • TOLEDO ..... YSVIll[,KY. 

SOIL PROFILE 

CHEMICAL WASTE MANAGEMENT 
APPRQ\IED QAt[ 

B1Kf ,_ z] -f 

SCAL SH 

GRAPHIC 3 

VICKERY, OHIO 

SHEET'5 Pi'lQJECT NO 

OF 9 33767 

·----·------------
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SOIL PROFILE 
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INITIAL GROUND WATER 

BOWSER- MORNER 
~·rTON • TOLEDO • .... rsvu.U:,KT. 

GRAPHIC 
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BOWSER- MORNER 
!IAVTO!I e TCI.-EIIO e .... YSVIU£,U 

' CHLORIDE LEVELS 
DRAWN DATE 
BY GLF 2-17-83 CHEMICAL WASTE MANAGEMENT 

II 
APPROVED DATE 

VICKERY, OHIO BY1K K. ?.-L2-S'J 
SCALE SH'FT s•gns l PR0~~~6~. ' GRAPHIC 6 " 
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DRAWN 0

2~17-83 BY SCY CHEMICAL WAsrE MANAGEMENT 
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BOWSER- MORNER 

OI,YTOOI • TOLEDO ...... YSVIlU,KT. 

'~ CHLORIDE LEVELS 
DRAWN I""' l BY SCY 2·18·83 CHEMICAL WASTE MANAGEMENT 
APPROVED DATE 

VICKERY, OHIO ''JKr l-l.L-'33 
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